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(54) Title: IMAGE PROCESSING APPARATUS AND METHOD 
(57) Abstract 

In a process for identifying the orientation of a line in an image, 
a histogram is formed of pixels of the line projected onto an axis. The 
axis is rotated and a histogram is formed of the pixels projected onto 
the rotated axis until the histogram includes charateristics indicating 
that the line is most closely perpendicular to the rotated axis. In a 
process of detecting a line on a road, an image is acquired of the 
road, and pixels of the image having characteristics corresponding 
to characteristics of the line are selected. A histogram is formed of 
the selected pixels projected onto an axis. The axis is rotated and a 
histogram formed of the selected pixels projected onto the rotated axis 
until the histogram includes characteristics indicative of a line. In a 
process of detecting a lane on a road having left and righ side lines, 
pixels of the image in a first area of the image at a first orientation 
and pixels in a second area of the image at a second orientation 
in the image are selected for selecting pixels associated with the 
lines. Histograms are formed projected on the first and second 
axes, respectively, and the axes are rotated until each histogram 
includes characteristics of a line. Also disclosed is a process of 
detecting a vehicle in an adjacent lane, systems for performing the 
aforementioned processes, systems for identifying an object and an 
input signal, and an interface between an image processing system 
and a controller. 
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IMAGE PROCESSING APPARATUS AND METHOD 



5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention . 

The present invention relates generally to an image processing system, 
and more particularly to an interface between an image processing system and a 
controller, and to the use of a generic image processing system to detect the orientation 
10 of a line, to detect lines and lanes of a road, and to detect vehicles on a road. 

2. Description of the Related Art . 

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and 
PCT/EP98/05383 disclose a generic image processing system that operates to localize 
objects in relative movement in an image and to determine the speed and direction of the 

15 objects in real-time. Each pixel of an image is smoothed using its own time constant. A 
binary value corresponding to the existence of a significant variation in the amplitude of 
the smoothed pixel from the prior frame, and the amplitude of the variation, are 
determined, and the time constant for the pixel is updated. For each particular pixel, two 
matrices are formed that include a subset of the pixels spatially related to the particular 

20 pixel. The first matrix contains the binary values of the subset of pixels. The second 
matrix contains the amplitude of the variation of the subset of pixels. In the first matrix, 
it is determined whether the pixels along an oriented direction relative to the particular 
pixel have binary values representative of significant variation, and, for such pixels, it is 
determined in the second matrix whether the amplitude of these pixels varies in a known 

25 manner indicating movement in the oriented direction. In domains that include 
luminance, hue, saturation, speed, oriented direction, time constant, and x and y position, 
a histogram is formed of the values in the first and second matrices falling in user 
selected combinations of such domains. Using the histograms, it is determined whether 
there is an area having the characteristics of the selected combinations of domains. 

30 
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It would be desirable to apply such a generic image processing system to 
detect various criteria useful in an automatic cruise control system, including detection of 
lines on a road, detection of lanes on a road, and detection of vehicular traffic in adjacent 
lanes. 

SUMMARY OF THE INVENTION 
The present invention is a process for identifying the orientation of a line 
in an input image, in which the line comprises a plurality of pixels. In the process, a 
histogram is formed of the pixels projected onto a first axis. The first axis is then rotated 
and a histogram is formed of the pixels projected onto the rotated first axis until the 
histogram includes characteristics indicating that the line is most closely perpendicular to 
the rotated first axis. The histogram characteristics preferably include R 
=NBPTS/RMAX, and the line is determined to be most closely perpendicular to the 
rotated first axis at which R is a minimum. 

In a process of detecting a line on a road from a vehicle-mounted camera, 
an image is acquired of the road, with the image including pixels corresponding to the 
line. Pixels of the image having characteristics corresponding to characteristics of the 
line are selected and a histogram is formed of the selected pixels projected onto a first 
axis. The histogram is then analyzed to identify characteristics indicative of a line. The 
first axis is rotated and a histogram formed of the selected pixels projected onto the 
rotated first axis until the histogram includes characteristics indicative of a line. The step 
of selecting pixels of the image having characteristics corresponding to characteristics of 
a line preferably involves selecting pixels from the group consisting of luminance, hue, 
saturation, direction, DP, CO and velocity. Alternatively, the step of selecting pixels 
having characteristics corresponding to characteristics of a line involves selecting pixels 
in a desired area of the image, possibly having a desired orientation in the image. If 
desired, the process of rotating the first axis is repeated and a histogram formed of the 
selected pixels until the histogram includes characteristics indicating that the line is most 
closely perpendicular to the rotated first axis. 

The present invention is a process for identifying the orientation of a line 
in an input image, in which the line comprises a plurality of pixels. In the process, a 
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histogram is formed of the pixels projected onto multiple axes. Process until the 
histograms include characteristics indicating that the line is most closely perpendicular to 
one of the multiples axes. The histograms characteristics perferably include 
R = NBPS/RMAX, and the line is determined to be most closely perpendicular to one of 
S the multiple axes at which R is a minimum. 

As non-limitative examples of multiple axes, 16 axes over 180° are used, 
the minimum angle being between two axes thus 1 1,25. It is also possible to use two 
axes which are perpendicular. Even if multiple axes are used, it is also possible to further 
process by rotating those multiple axes until one of the multiple axes is most closely 

1 0 perpendicular to the line. 

In a process of detecting a line on a road from a vehicle-mounted camera, 
an image is acquired of the road, with the image including pixels corresponding to the 
line. Pixels of the image having characteristics corresponding to characteristics of the 
line are selected and histograms are formed of the selected pixels projected onto multiple 

1 5 axes. The histogram is then analysed to identify the characteristics indicative of a line. 
Process until one of the histograms includes characteristics indicative of a line. The step 
of selecting pixels of the image having characteristics corresponding to characteristics of 
a line preferably involves selecting pixels from the group consisting of luminance, hue, 
saturation, direction, DP, CO and velocity. Alternatively, the step of selecting pixels 

20 having characteristics corresponding to characteristics of a line involves selecting pixels 
in a desired area of the image, possible having a desired orientation in the image. If 
desired, the process of rotating the multiple axes is repeated and forming histograms of 
the selected pixels until one of the histograms inlcudes characteristics indicating that the 
line is most closely perpendicular to one of the multiple axes. 

25 The process is done using parallel computation. 

In one embodiment, the line is a double line and the step of selecting 
pixels of the image having characteristics corresponding to characteristics of the line 
involves selecting first pixels in a first desired area of the image at a first desired 
orientation in the image for selecting pixels associated with the first line, and selecting 

30 pixels in a second desired area of the image at a second desired orientation in the image 
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for selecting pixels associated with the second line. In this embodiment, the step of 
forming a histogram of the selected pixels projected onto a first axis involves forming a 
first histogram of the selected first pixels projected onto a first axis and forming a second 
histogram of the selected second pixels projected onto the first axis, and the step of 
5 analyzing the histogram to identify characteristics indicative of a line includes analyzing 
each of the first and second histograms to identify characteristics indicative of a line. 
Finally, the step of rotating the first axis includes rotating the first axis and forming first 
and second histograms of the selected first and second pixels respectively projected onto 
the rotated first axis until each of the first and second histograms comprises 

10 characteristics indicative of a line. If desired, the step of rotating the first axis and 
forming first and second histogram may be repeated until each of the first and second 
histograms comprises characteristics indicative of a line and until at least one of the first 
and second histograms comprises characteristics indicating that the line associated with 
such histogram is most closely perpendicular to the rotated first axis. 

1 5 The double lines are preferably parallel to the other and each line may be a solid or 
broken line. 

In an alternative embodiment, the line is a parallel double line and the step 
of analyzing the histogram to identify characteristics indicative of a line includes 
analyzing the histogram to identify two peaks characteristic of a parallel double line. 

20 In one embodiment, in which the line is a broken line, the step of 

analyzing the histogram to identify characteristics indicative of a line involves time 
averaging the histogram over a succession of frames of the image. In an alternative 
embodiment in which the line is a broken line, the step of analyzing the histogram to 
identify characteristics indicative of a line involves analyzing the histogram over a 

25 succession of frames of the image to identify a periodic fluctuation in peaks of the 
histogram indicative of a broken line. In a further alternative embodiment in which the 
line is a broken line, the step of selecting pixels of the image having characteristics 
corresponding to characteristics of the line involves selecting first pixels in a first desired 
area of the image for selecting pixels associated with a first portion of the broken line, 

30 and selecting pixels in a second desired area of the image for selecting pixels associated 
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with a second portion of the broken line adjacent to the first section. In this 
embodiment, the step of forming a histogram of the selected pixels projected onto a first 
axis involves forming a first histogram of the selected first pixels projected onto a first 
axis and forming a second histogram of the selected second pixels projected onto the first 
5 axis. Finally, the step of analyzing the histogram to identify characteristics indicative of a 
line comprises analyzing the first and second histograms over a succession of frames of 
the image to identify a periodic movement of the first pixels associated with the line from 
the first desired area to the second desired area. If desired, the step of rotating the first 
axis and forming first and second histograms may be repeated until each of the first and 

10 second histograms includes characteristics indicative of a line and until at least one of the 
first and second histograms includes characteristics indicating that the line associated 
with such histogram is most closely perpendicular to the rotated first axis. 

In a process of detecting a lane on a road from a vehicle-mounted camera, 
in which the lane is defined by a first line on one side thereof and a second line on the 

1 5 other side thereof, an image of the road is acquired from the camera, with the image 
including a plurality of pixels corresponding to each of the first and second lines. Pixels 
of the image in a first desired area of the image at a first desired orientation in the image 
are selected for selecting pixels associated with the first line, and pixels in a second 
desired area of the image at a second desired orientation in the image are selected for 

20 selecting pixels associated with the second line. A first histogram is formed of the 
selected first pixels projected onto a first axis and a second histogram is formed of the 
selected second pixels projected onto a second axis. Each of the first and second 
histograms is analyzed to identify characteristics in each histogram indicative of a line. 
Finally, until the first histogram includes characteristics indicative of a line, the first axis 

25 is rotated and a first histogram is formed of the first pixels projected onto the rotated 
first axis, and until the second histogram includes characteristics indicative of a line, the 
second axis is rotated and a second histogram is formed of the second pixels projected 
onto the rotated second axis. If desired, the steps of rotating the first axis and forming a 
first histogram and of rotating the second axis and forming a second histogram are 

30 repeated until each of the first and second histograms includes characteristics indicative 
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of a line and until at least one of the first and second histograms includes characteristics 
indicating that the line associated with such histogram is most closely perpendicular to 
the rotated first axis. 

In a process of detecting a vehicle in an adjacent lane from a camera 
mounted to a subject vehicle, an image of the adjacent lane is acquired. Pixels of the 
image having characteristics corresponding to characteristics of a vehicle are then 
selected. A histogram is formed of the selected pixels projected onto a first axis. Finally, 
the histogram is analyzed to detect characteristics indicative of a vehicle. In such a 
process wherein the adjacent lane is defined by first and second side lines, the side lines 
may be identified using the process indicated above. Pixels of the image having 
characteristics corresponding to characteristics of a vehicle are then selected in an area 
bounded by the first and second side lines. If identifying taillights, the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a vehicle 
may be accomplished by selecting pixels having a color or luminance characteristic of 
taillights. If desired, the histogram may be analyzed to separately detect each taillight. If 
identifying headlights, the step of selecting pixels of the image having characteristics 
corresponding to characteristics of a vehicle may be accomplished by selecting pixels 
having a color or luminance characteristic of headlights. The step of selecting pixels of 
the image having characteristics corresponding to characteristics of a vehicle may also 
involve selecting pixels moving in a direction parallel to a direction of the lane or 
selecting pixels moving in a direction generally parallel to one of the first or second side 
lines. The step of analyzing the histogram to detect characteristics indicative of a vehicle 
may comprise detecting a histogram having a minimum number of points. 

An apparatus for identifying the orientation of a line in an input image 
includes a histogram formation unit for forming a histogram of the pixels projected onto 
a first axis, and a controller for selectively rotating the first axis. The histogram 
formation unit forms a histogram of the pixels projected onto the rotated first axis, and 
the controller analyzes the histogram to determine when the histogram includes 
characteristics indicating that the line is most closely perpendicular to the rotated first 
axis. The histogram formation unit preferably includes a Hough transform unit for 
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performing a Hough transform on the pixels for thereby enabling rotation of the first 
axis. The histogram formation unit computes R =NBPTS/RMAX (as defined below), 
and the controller determines the rotated first axis at which R is a minimum to identify 
the line most closely perpendicular to the rotated first axis. 

5 An apparatus for detecting a line on a road includes a vehicle-mounted 

camera acquiring an image of the road, a controller, and a histogram formation unit for 
forming a histogram on pixels having selected characteristics on a selected axis. The 
controller controls the histogram formation unit to select pixels of the image having 
characteristics corresponding to characteristics of a line and to form a histogram 

10 projected onto a first axis. The controller analyzes the histogram to identify 
characteristics indicative of a line. The controller further rotates the first axis and 
controls the histogram formation unit to form a histogram projected onto the rotated first 
axis. The controller analyzes the histogram of each rotated axis until the histogram 
comprises characteristics indicative of a line. The controller preferably rotates the first 

1 5 axis until the controller determines that the histogram comprises characteristics indicating 
that the line is most closely perpendicular to the rotated first axis. The histogram 
formation unit preferably computes R =NBPTS/RMAX, and the controller determines 
the rotated first axis at which R is a minimum to identify the line most closely 
perpendicular to the rotated first axis. The selected pixel characteristics are preferably 

20 selected from the group consisting of luminance, hue, saturation, direction, DP, CO and 
velocity. 

If desired, the histogram formation unit includes an area selection memory 
for selecting an area of an image for which to form a histogram. The controller controls 
the histogram formation unit to select pixels in a desired area of the image for detecting 
25 the line. The histogram formation unit may also include an angle selection memory for 
selecting an orientation angle for forming a histogram. The controller controls the 
histogram formation unit to select pixels in a desired area of the image and to form a 
histogram at a desired orientation angle for detecting the line. 

In one embodiment, the line is a double line and the controller controls 
30 the histogram formation unit to select pixels of the image having characteristics 
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corresponding to characteristics of a line in a first desired area of the image at a first 
desired orientation in the image for selecting pixels associated with a first line of the 
double line, and controls the histogram formation unit to select pixels in a second desired 
area of the image at a second desired orientation in the image for selecting pixels 
5 associated with the second line. The histogram formation unit forms a first histogram of 
the selected first pixels projected onto the first axis and forms a second histogram of the 
selected second pixels projected onto the first axis. The controller analyzes each of the 
first and second histograms to identify characteristics indicative of a line and rotates the 
first axis until each of the first and second histograms comprises characteristics indicative 

10 of a line. The controller may fijrther rotate the first axis until each of the first and second 
histograms comprises characteristics indicative of a line and until at least one of the first 
and second histograms comprises characteristics indicating that the line associated with 
such histogram is most closely perpendicular to the rotated first axis. 

In an alternative embodiment in which the line is a parallel double line, the 

15 controller analyzes the histogram to identify two peaks in the histogram characteristic of 
a parallel double line. In an embodiment in which the line is a broken line, the controller 
time averages the histogram over a succession of frames of the image to identify 
characteristics indicative of a broken line. In an alternative embodiment in which the line 
is a broken line, the controller time analyzes the histogram over a succession of frames of 

20 the image to identify a periodic fluctuation in peaks of the histogram indicative of a 
broken line. In a still further alternative embodiment in which the line is a broken line, 
the controller controls the histogram formation unit to form a first histogram of first 
pixels in a first desired area of the image associated with a first portion of the broken 
line, and to form a second histogram of second pixels in a second desired area of the 

25 image associated with a second portion of the broken line adjacent to the first section, 
with each of the first and second histograms being projected onto the first axis. The 
controller analyzes the first and second histograms over a succession of frames of the 
image to identify a periodic movement of first pixels associated with the line from the 
first desired area to the second desired area. 
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An apparatus for detecting a lane on a road in which the lane is defined by 
a first line on one side of the road and a second line on the other side of the road includes 
a vehicle-mounted camera for acquiring an image of the road, a controller, and a 
histogram formation unit for selecting pixels in an image having particular characteristics 
5 and for forming a histogram of the selected pixels. The controller controls the histogram 
formation unit for selecting pixels of the image in a first desired area of the image and for 
forming a histogram of the selected pixels in the first desired area projected onto a first 
axis for forming a first histogram of pixels associated with the first line, and further 
controls the histogram formation unit for selecting pixels in a second desired area of the 

10 image and for forming a second histogram of the selected pixels in the second desired 
area projected onto a second axis for forming a histogram of pixels associated with the 
second line. The controller analyzes each of the first and second histograms to identify 
characteristics in each histogram indicative of a line. Finally, the controller rotates the 
first axis until the first histogram comprises characteristics indicative of a line, and rotates 

1 5 the second axis until the second histogram comprises characteristics indicative of a line. 
If desired, the controller further rotates the first axis and the second axis until each of the 
first and second histograms comprises characteristics indicative of a line and until at least 
one of the first and second histograms comprises characteristics indicating that the line 
associated with such histogram is most closely perpendicular to the rotated first axis. 

20 An apparatus for detecting a vehicle in an adjacent lane from a subject 

vehicle includes a camera mounted to the subject vehicle for acquiring an image of the 
adjacent lane, a histogram formation unit for selecting pixels of the image and for 
forming a histogram of such images, and a controller for controlling the histogram 
formation unit to select pixels having characteristics corresponding to characteristics of a 

25 vehicle and for analyzing the histogram of such pixels to detect characteristics indicative 
of a vehicle. If the adjacent lane is defined by first and second side lines, the side lines 
are detected as described above, and the controller controls the histogram formation unit 
to select pixels of the image having characteristics corresponding to characteristics of a 
vehicle comprises in an area bounded by the side lines. If desired, the controller controls 

30 the histogram formation unit to select pixels i) having the color or luminance 
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characteristics of taillights, ii) having color or luminance characteristics of headlights, ii) 
moving in a direction parallel to a direction of the lane, or iv) moving in a direction 
generally parallel to one of the side lines. 

An apparatus for identifying an object in an input signal, in which the 
5 object includes pixels in one of a plurality of classes in one of a plurality of domains, 
includes: 

a classifier for each domain, the classifier classifying pixels within 
each domain in selected classes within the domain; 

a linear combination unit for each domain, the linear combination unit 
10 generating a validation signal for the domain, the validation signal selecting one or more 
of the plurality of domains for processing; 

a rotation unit for enabling selection of a histogram formation axis; 
a histogram formation unit for forming a histogram for pixels of the 
output signal within the classes selected by the classifier within each domain selected 
15 by the validation signal projected onto the histogram formation axis; and 

a controller for controlling the classifier, linear combination unit, rotation 
unit, and histogram formation unit for identifying the object. 

The rotation unit preferably enables selection of a first histogram 
formation axis and a second histogram formation axis, and the histogram formation unit 
20 is capable of forming a first histogram projected onto the first histogram formation axis, 
and of forming a second histogram projected onto the second histogram formation axis. 

An alternative apparatus for identifying an object in an input signal 
includes a classifier for each domain, a linear combination unit for each domain, an area 
selection unit for selecting an area of the image, a histogram formation unit, and a 
25 controller. 

The apparatus also preferably includes a rotation unit for enabling 
selection of a histogram formation axis, with the histogram formation unit forming a 
histogram for pixels of the output signal projected onto the histogram formation 
axis. 
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A further apparatus for identifying an object in an input signal includes a 
classifier, a linear combination unit, a masking unit for masking an area of the image to 
prevent consideration of the pixels in the masked area, a histogram formation unit, and a 
controller. 

5 An interface between an image processing system and a controller 

comprises: 

input signals from the controller to the image processing system including 
control signals selected from the group consisting of: 

i) signals for selecting domains for processing by the image processing 

1 0 system, 

ii) signals for selecting classes of pixels within each domain for processing 
by the image processing system, 

iii) signals for selecting axes for formation of histograms projected on the 
selected axes, and 

1 5 iv) signals for selecting an area of an image for processing by the image 

processing system; and 

output signals from the image processing system to the controller 
including signals resultant from processing the input signals selected from the group 
consisting of: 

20 i) signals containing information on histograms formed in the image 

processing system, and 

ii) signals containing histograms formed in the image processing system. 
The domains are preferably selected from the group consisting of 
luminance, hue, saturation, CO, DP, direction, and velocity, and the signals containing 
25 information on histograms formed in the image processing system are preferably selected 
from the group consisting of MIN, MAX, NBPTS, RMAX, POSRMAX. 
The apparatus is built using a single chip (MOS). 

The physical link of the interface is a standard automotive bus. It is 
possible to dynamically adapt in function of results at least one or more of the following 
30 parameters: classification, areas, histograms. 
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It is possible to use an interface with a physical link as summarised. It is 
also possible to use the process and apparatus to determine curves, said curve being 
segmented into sensibly linear portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a diagrammatic illustration of the system according to the 

invention. 

Fig. 2 is a block diagram of the temporal and spatial processing units of 

the invention. 

Fig. 3 is a block diagram of the temporal processing unit of the invention. 
10 Fig. 4 is a block diagram of the spatial processing unit of the invention. 

Fig. 5 is a diagram showing the processing of pixels in accordance with 

the invention. 

Fig. 6 illustrates the numerical values of the Freeman code used to 
determine movement direction in accordance with the invention. 
15 Fig. 7 illustrates nested matrices as processed by the temporal processing 

unit. 

Fig. 8 illustrates hexagonal matrices as processed by the temporal 
processing unit. 

Fig. 9 illustrates reverse-L matrices as processed by the temporal 
20 processing unit. 

Fig. 10 illustrates angular sector shaped matrices as processed by the 
temporal processing unit. 

Fig. 1 1 is a block diagram showing the relationship between the temporal 
and spatial processing units, and the histogram formation units. 
25 Fig. 12 is a block diagram showing the interrelationship between the 

various histogram formation units. 

Fig. 13 shows the formation of a two-dimensional histogram of a moving 
area from two one-dimensional histograms. 

Fig. 14 is a block diagram of an individual histogram formation unit. 
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Figs. 15A and 15B illustrate the use of a histogram formation unit to find 
the orientation of a line relative to an analysis axis. 

Fig. 16 illustrates a one-dimensional histogram. 

Fig. 17 illustrates the use of semi-graphic sub-matrices to selected desired 
areas of an image. 

Fig. 18 illustrates the use of the system of the invention to detect the 
orientation of a line on a road. 

Fig. 19 is a flow diagram illustrating the use of the system of the invention 
to detect the orientation of a line on a road. 

Fig. 20 illustrates the use of the system of the invention to detect the 
orientation of a broken line on a road. 

Figs. 21 A and 21 B illustrates an alternative embodiment of the use of the 
system of the invention to detect the orientation of a broken line on a road. 

Fig. 22 illustrates the use of the system of the invention to detect a by- 
passing vehicle on a road. 

Fig. 23 is a flow diagram illustrating the use of the system of the invention 
to detect a by-passing vehicle on a road. 

Fig. 24 illustrates another embodiment of the invention. 

Fig. 25 illustrates the use of the system of the invention to detect curves. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses a number of applications for the generic 
image processing system disclosed in commonly-owned PCT Application Serial Nos. 
PCT/FR97/01354 and PCT/EP98/05383 the contents of which are incorporated herein 
by reference. More specifically, the present invention relates to the use of such a generic 
image processing system for detection of various criteria useful in an automatic vehicular 
control system, i.e., an automatic cruise control system, including detection of lines on a 
road, detection of road lanes, and detection of vehicular traffic in adjacent lanes. Also 
disclosed is an interface for such a generic image processing system. 

The apparatus of the invention is similar to that described in the 
aforementioned PCT Application Serial Nos. PCT/FR97/01354 and PCT/EP98/05383, 
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which will be described herein for purposes of clarity. Referring to Figs. 1 and 10, the 
generic image processing system 22 includes a spatial and temporal processing unit 1 1 in 
combination with a histogram formation unit 22a. Spatial and temporal processing unit 
1 1 includes an input 12 that receives a digital video signal S originating from a video 
5 camera or other imaging device 13 which monitors a scene 13a. Imaging device 13 is 
preferably a conventional CMOS-type CCD camera, which for purposes of the presently- 
described automatic cruise-control application is preferably mounted on a vehicle facing 
the road in front of the vehicle. It will be appreciated that the system described may be 
used to detect other criteria useful for automatic operation of a vehicle, or other 

1 0 applications, and that the camera may be mounted on the vehicle in any desired fashion 
to detect the specific criteria of interest, or may otherwise be appropriately mounted for 
the desired application. It is also foreseen that any other appropriate sensor, e.g., 
ultrasound, IR, Radar, etc., may be used as the imaging device. Imaging device 13 may 
have a direct digital output, or an analog output that is converted by an A/D convertor 

15 into digital signals. Imaging device 13 may also be integral with generic image 
processing system 22, if desired. 

While signal S may be a progressive signal, it is preferably composed of a 
succession of pairs of interlaced frames, TR| and TR'i and TR 2 and TR 2 , each consisting 
of a succession of horizontal scanned lines, e.g., Iu, Ii. 2 ,..-,li.i7 in TRi, and 2.1 in TR 2 . 

20 Each line consists of a succession of pixels or image-points PI, e.g., au, ai.2 and au for 
line In; al| 7 .i and al 17.22 for line U.n ; al n and ai, 2 for line In- Signal S(PI) represents 
signal S composed of pixels PI. 

S(PI) includes a frame synchronization signal (ST) at the beginning of 
each frame, a line synchronization signal (SL) at the beginning of each line, and a 

25 blanking signal (BL). Thus, S(PI) includes a succession frames, which are representative 
of the time domain, and within each frame, a series of lines and pixels, which are 
representative of the spatial domain. 

In the time domain, "successive frames" shall refer to successive frames of 
the same type (i.e,, odd frames such as TR| or even frames such as TR\), and 

30 "successive pixels in the same position" shall denote successive values of the pixels (PI) 
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in the same location in successive frames of the same type, e.g., au of lu in frame TRi 
and a 1. 1 of I i.i in the next corresponding frame TR2 

Spatial and temporal processing unit 1 1 generates outputs ZH and SR 14 
to a data bus 23 (Fig. 11), which are preferably digital signals. Complex signal ZH 
5 comprises a number of output signals generated by the system, preferably including 
signals indicating the existence and localization of an area or object in motion, and the 
speed V and the oriented direction of displacement DI of each pixel of the image. Also 
preferably output from the system is input digital video signal S, which is delayed (SR) to 
make it synchronous with the output ZH for the frame, taking into account the 

10 calculation time for the data in composite signal ZH (one frame). The delayed signal SR 
is used to display the image received by camera 13 on a monitor or television screen 10, 
which may also be used to display the information contained in composite signal ZH. 
Composite signal ZH may also be transmitted to a separate processing assembly 10a in 
which further processing of the signal may be accomplished. 

IS Referring to Fig. 2, spatial and temporal processing unit 1 1 includes a first 

assembly 11a, which consists of a temporal processing unit 15 having an associated 
memory 16, a spatial processing unit 17 having a delay unit 18 and sequencing unit 19, 
and a pixel clock 20, which generates a clock signal HP, and which serves as a clock for 
temporal processing unit 15 and sequencing unit 19. Clock pulses HP are generated by 

20 clock 20 at the pixel rate of the image, which is preferably 13.5 MHZ. 

Fig. 3 shows the operation of temporal processing unit 1 5, the function of 
which is to smooth the video signal and generate a number of outputs that are utilized by 
spatial processing unit 17. During processing, temporal processing unit 15 retrieves 
from memory 16 the smoothed pixel values LI of the digital video signal from the 

25 immediately prior frame, and the values of a smoothing time constant CI for each pixel. 
As used herein, LO and CO shall be used to denote the pixel values (L) and time 
constants (C) stored in memory 16 from temporal processing unit 15, and LI and CI shall 
denote the pixel values (L) and time constants (C) respectively for such values retrieved 
from memory 16 for use by temporal processing unit 15. Temporal processing unit 15 

30 generates a binary output signal DP for each pixel, which identifies whether the pixel has 
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undergone significant variation, and a digital signal CO, which represents the updated 
calculated value of time constant C. 

Referring to Fig. 3, temporal processing unit 15 includes a first block 15a 
which receives the pixels PI of input video signal S. For each pixel PI, the temporal 
5 processing unit retrieves from memory 16 a smoothed value LI of this pixel from the 
immediately preceding corresponding frame, which was calculated by temporal 
processing unit 15 during processing of the immediately prior frame and stored in 
memory 1 6 as LO. Temporal processing unit 1 5 calculates the absolute value AB of the 
difference between each pixel value PI and LI for the same pixel position (for example 
10 a u , of 1 M in TR, and of lu in TR 2 : 

AB - |PI-LI | 

Temporal processing unit 1 5 is controlled by clock signal HP from clock 
20 in order to maintain synchronization with the incoming pixel stream. Test block 15b 
of temporal processing unit 1 5 receives signal AB and a threshold value SE, Threshold 

15 SE may be constant, but preferably varies based upon the pixel value PI, and more 
preferably varies with the pixel value so as to form a gamma correction. Known means 
of varying SE to form a gamma correction is represented by the optional block 15e 
shown in dashed lines. Test block 15b compares, on a pixel-by-pixel basis, digital signals 
AB and SE in order to determine a binary signal DP. If AB exceeds threshold SE, which 

20 indicates that pixel value PI has undergone significant variation as compared to the 
smoothed value LI of the same pixel in the prior frame, DP is set to "l" for the pixel 
under consideration. Otherwise, DP is set to "0" for such pixel. 

When DP = 1 , the difference between the pixel value PI and smoothed 
value LI of the same pixel in the prior frame is considered too great, and temporal 

25 processing unit 15 attempts to reduce this difference in subsequent frames by reducing 
the smoothing time constant C for that pixel. Conversely, if DP - 0, temporal processing 
unit 15 attempts to increase this difference in subsequent frames by increasing the 
smoothing time constant C for that pixel. These adjustments to time constant C as a 
function of the value of DP are made by block 15c. If DP = 1, block 15c reduces the 
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time constant by a unit value U so that the new value of the time constant CO equals the 
old value of the constant CI minus unit value U. 

CCNCI-U 

If DP = 0, block 15c increases the time constant by a unit value U so that 
5 the new value of the time constant CO equals the old value of the constant CI plus unit 
value U. 

CO=CI+U 

Thus, for each pixel, block 15c receives the binary signal DP from test 
unit 15b and time constant CI from memory 16, adjusts CI up or down by unit value U, 
10 and generates a new time constant CO which is stored in memory 16 to replace time 
constant CI. 

In a preferred embodiment, time constant C, is in the form 2 P , where p is 
incremented or decremented by unit value U, which preferably equals 1, in block 15c. 
Thus, if DP = 1, block 15c subtracts one (for the case where U=l) from p in the time 
1 5 constant 2 P which becomes 2 P "\ If DP = 0, block 1 5c adds one to p in time constant 2 P , 
which becomes 2 PM . The choice of a time constant of the form 2 P facilitates calculations 
and thus simplifies the structure of block 15c. 

Block 15c includes several tests to ensure proper operation of the system. 
First, CO must remain within defined limits. In a preferred embodiment, CO must not 
20 become negative (CO > 0) and it must not exceed a limit N (CO < N), which is 
preferably seven. In the instance in which CI and CO are in the form 2 P , the upper limit 
N is the maximum value for p. 

The upper limit N may be constant, but is preferably variable. An 
optional input unit 15f includes a register or memory that enables the user, or controller 
25 42 to vary N. The consequence of increasing N is to increase the sensitivity of the system 
to detecting displacement of pixels, whereas reducing N improves detection of high 
speeds. N may be made to depend on PI (N may vary on a pixel-by-pixel basis, if 
desired) in order to regulate the variation of LO as a function of the level of PI, i.e., Nyt 
= f(PIiji), the calculation of which is done in block 1 5f, which in this case would receive 
30 the value of PI from video camera 13. 
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Finally, a calculation block 15d receives, for each pixel, the new time 
constant CO generated in block 15c, the pixel values PI of the incoming video signal S, 
and the smoothed pixel value LI of the pixel in the previous frame from memory 16. 
Calculation block 15d then calculates a new smoothed pixel value LO for the pixel as 
5 follows: 

LO=LI + (PI - LI)/CO 
If CO = 2 P , then 

LO=LI + (PI - LI)/2 po 

where "po", is the new value of p calculated in unit 15c and which replaces previous 
10 value of "pi" in memory 16. 

The purpose of the smoothing operation is to normalize variations in the 

value of each pixel PI of the incoming video signal for reducing the variation differences. 
For each pixel of the frame, temporal processing unit 15 retrieves LI and CI from 

memory 16, and generates new values LO (new smoothed pixel value) and CO (new 
1 5 time constant) that are stored in memory 1 6 to replace LI and CI respectively. As shown 

in Fig. 2, temporal processing unit 1 5 transmits the CO and DP values for each pixel to 

spatial processing unit 17 through the delay unit 18. 

The capacity of memory 1 6 assuming that there are R pixels in a frame, 

and therefore 2R pixels per complete image, must be at least 2R(e+f) bits, where e is the 
20 number of bits required to store a single pixel value LI (preferably eight bits), and f is the 

number of bits required to store a single time constant CI (preferably 3 bits). If each 

video image is composed of a single frame (progressive image), it is sufficient to use 

R(e+f) bits rather than 2R(e+f) bits. 

Spatial processing unit 1 7 is used to identify an area in relative movement 
25 in the images from camera 13 and to determine the speed and oriented direction of the 

movement. Spatial processing unit 17, in conjunction with delay unit 18, cooperates 

with a control unit 19 that is controlled by clock 20, which generates clock pulse HP at 

the pixel frequency. Spatial processing unit 17 receives signals DPy and COy (where i 

and j correspond to the x and y coordinates of the pixel) from temporal processing unit 
30 15 and processes these signals as discussed below. Whereas temporal processing unit 15 
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processes pixels within each frame, spatial processing unit 17 processes groupings of 
pixels between the frames. 

Fig. 5 diagrammatically shows the temporal processing of successive 
corresponding frame sequences TRi, TR2, TR 3 and the spatial processing in these frames 

5 of a pixel PI with coordinates x, y, at times t u t 2 , and t 3 . A plane in Fig, 5 corresponds to 
the spatial processing of a frame, whereas the superposition of frames corresponds to the 
temporal processing of successive frames. 

Signals DPjj and COij from temporal processing unit 1 5 are distributed by 
spatial processing unit 1 7 into a first matrix 2 1 containing a number of rows and columns 

10 much smaller than the number of lines L of the frame and the number of pixels M per 
line. Matrix 21 preferably includes 2/ + 1 lines along the y axis and 2/w+l columns along 
the x axis (in Cartesian coordinates), where / and m are small integer numbers. 
Advantageously, / and m are chosen to be powers of 2, where for example / is equal to 2 a 
and m is equal to 2\ a and b being integer numbers of about 2 to 5, for example. To 

1 5 simplify the drawing and the explanation, m will be taken to be equal to / (although it 
may be different) and m=/=2 3 -8. In this case, matrix 21 will have 2x8+1=17 rows 
and 17 columns. Fig. 4 shows a portion of the 17 rows Y 0 , Yi,... Y13, Y| 6 , and 17 
columns Xo, X|, ... X13, X !6 which form matrix 21. 

Spatial processing unit 17 distributes into 1 x m matrix 21 the incoming 

20 flows of Dpijt and COjt from temporal processing unit 15. It will be appreciated that only 
a subset of all DP^ and COij t values will be included in matrix 21, since the frame is much 
larger, having L lines and M pixels per row (e.g., 312.5 lines and 250-800 pixels), 
depending upon the TV standard used. 

In order to distinguish the L x M matrix of the incoming video signal from 

25 the / x m matrix 21 of spatial processing unit 17, the indices i and j will be used to 
represent the coordinates of the former matrix and the indices x and y will be used to 
represent the coordinates of the latter. At a given instant, a pixel with an instantaneous 
value Plijt is characterized at the input of the spatial processing unit 17 by signals DPyi 
and COijt. The (2/+1 ) x (2m + 1) matrix 21 is formed by scanning each of the L x M 

30 matrices for DP and CO. 
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In matrix 21, each pixel is defined by a row number between 0 and 16 
(inclusive), for rows Y D to Yi 6 respectively, and a column number between 0 and 16 
(inclusive), for columns X* to X J6 respectively, in the case in which / = m = 8. In this 
case, matrix 21 will be a plane of 17 x 17 = 289 pixels. 
5 In Fig. 4, elongated horizontal rectangles Y 0 to Yj 6 (only four of which 

have been shown, i.e., Y 0 , Y,, Y l5 and Yi 6 ) and vertical lines Xo to X !6 (of which only 
four have been shown, i.e., Xo, Xj, X 15 and X, 6 ) illustrate matrix 21 with 17x17 image 
points or pixels having indices defined at the intersection of an ordinate row and an 
abscissa column. For example, the P 8 g is at the intersection of column 8 and row 8 as 

1 0 illustrated in Fig. 4 at position e, which is the center of matrix 21 . 

In response to the HP and BL signals from clock 20 (Fig. 2), a rate 
control or sequencing unit 19: i) generates a line sequence signal SL at a frequency equal 
to the quotient of 13.5 MHZ (for an image with a corresponding number of pixels) 
divided by the number of columns per frame (for example 400) to delay unit 18, ii) 

15 generates a frame signal SC, the frequency of which is equal to the quotient 13.5/400 
MHZ divided by the number of rows in the video image, for example 312.5, iii) and 
outputs the HP clock signal. Blanking signal BL is used to render sequencing unit 19 
non-operational during synchronization signals in the input image. 

A delay unit 1 8 carries out the distribution of portions of the L x M 

20 matrix into matrix 21. Delay unit 18 receives the DP, CO, and incoming pixel S(PI) 
signals, and distributes these into matrix 21 using clock signal HP and line sequence and 
column sequence signals SL and SC. 

In order to form matrix 21 from the incoming stream of DP and CO 
signals, the successive row, Y 0 to Yi6 for the DP and CO signals must be delayed as 

25 follows: 

row Y 0 - not delayed; 

row Y| - delayed by the duration of a frame line TP; 
row Y 2 - delayed by 2 TP; 
and so on until 
30 row Y 16 • delayed by 16 TP. 
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The successive delays of the duration of a frame row TP, are carried out 
in a cascade of sixteen delay circuits ri,r2,...r !6 that serve rows Yi.Y 2 . Yi6, respectively, 
row Y 0 being served directly by the DP and CO signals without any delay upon arriving 
from temporal processing unit 15. All delay circuits ri,r 2 ,...ri6 may be built up by a delay 
5 line with sixteen outputs, the delay imposed by any section thereof between two 
successive outputs being constant and equal to TP. 

Rate control unit 19 controls the scanning of the entire L x M frame 
matrix over matrix 21. The circular displacement of pixels in a row of the frame matrix 
on the 17 x 17 matrix, for example from Xo to X l6 on row Y 0 , is done by a cascade of 

10 sixteen shift registers d on each of the 17 rows from Y 0 to Y l6 (giving a total of 16 x 17 
= 272 shift registers) placed in each row between two successive pixel positions, namely 
the register doi between positions PIoo and PI 0 i register d 0 2 between positions PIoi, and 
PI 0 2> etc. Each register imposes a delay TS equal to the time difference between two 
successive pixels in a row or line, using column sequence signal SC. Because rows /i, I2 

15 ... /| 7 in a frame TRi (Fig. 1), for S(PI) and for DP and CO, reach delay unit 1 8 shifted by 
TP (complete duration of a row) one after the other, and delay unit 18 distributes them 
with gradually increasing delays of TP onto rows Y 0 , Yj ... Yp, these rows display the 
DP and CO signals at a given time for rows /1/2 ... l\i in the same frame portion. 
Similarly in a given row, e.g., A, successive pixel signals at.i, ai. 2 ... arrive shifted by TS 

20 and shift registers d impose a delay also equal to TS. As a result, the pixels of the DP 
and CO signals in a given row Y 0 to Y I6 in matrix 21, are contemporary, i.e., they 
correspond to the same frame portion. 

The signals representing the COs and DPs in matrix 21 are available at a 
given instant on the 16 x 17 = 272 outputs of the shift registers, as well as upstream of 

25 the registers ahead of the 17 rows, i.e., registers do.i, di.i di6.i, which makes a total of 

16 x 17+ 17= 17 x 17 outputs for the 17 x 17 positions P0.0.P0.1,.. Pa s -. P16.16. 

In order to better understand the process of spatial processing, the system 
will be described with respect to a small matrix M3 containing 3 rows and 3 columns 
where the central element of the 9 elements thereof is pixel e with coordinates x = 8, y = 

30 8 as illustrated below: 
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a b c 

d e f (M3) 

g h i 



5 In matrix M3, positions a, b, c, d, f, g, h, i around the central pixel g 

correspond to eight oriented directions relative to the central pixel. The eight directions 
may be identified using the Freeman code illustrated in Fig. 6, the directions being coded 
0 to 7 starting from the x axis, in steps of 45°. In the Freeman code, the eight possible 
oriented directions, may be represented by a 3-bit number since 2 3 = 8. 
10 Considering matrix M3, the 8 directions of the Freeman code are as 

follows: 

3 2 1 

4 e 0 

5 6 7 

15 

Returning to matrix 21 having 17 x 17 pixels, a calculation unit 17a 
examines at the same time various nested square second matrices centered on e, with 
dimensions 15x15, 13x13, 1 1 x 1 1, 9 x 9, 7 x 7, 5 x 5 and 3x3, within matrix 21, the 
3x3 matrix being the M3 matrix mentioned above. Spatial processing unit 17 

20 determines which matrix is the smallest in which pixels with DP = 1 are aligned along a 
straight line which determines the direction of movement of the aligned pixels. 

For the aligned pixels in the matrix, the system determines if CO varies on 
each side of the central position in the direction of alignment, from +a in an oriented 
direction and -a in the opposite oriented direction, where l<a<N. For example, if 

25 positions g, e, and c of M3 have values -1, 0, +1, then a displacement exists in this matrix 
from right to left in the (oriented) direction 1 in the Freeman code (Fig. 6). However, 
positions g, e, and c must at the same time have DP - 1 . The displacement speed of the 
pixels in motion is greater when the matrix, among the 3 x 3 to 15 x 15 nested matrices, 
in which CO varies from +1 or -1 between two adjacent positions along a direction is 

30 larger. For example, if positions g, e, and c in the 9 x 9 matrix denoted M9 have values - 
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1, 0, +1 in oriented direction 1, the displacement will be faster than for values -1, 0, +1 in 
3x3 matrix M3 (Fig. 7). The smallest matrix for which a line meets the test of DP=I for 
the pixels in the line and CO varies on each side of the central position in the direction of 
alignment, from +a in an oriented direction and -a in the opposite oriented direction, is 
S chosen as the principal line of interest. 

Within a given matrix, a greater value of ±CO indicates slower 
movement. For example, in the smallest matrix, i.e., the 3x3 matrix, CO=±2 with DPs=l 
determines subpixel movement i.e. one half pixel per image, and CO=±3, indicates 
slower movement, i.e. one third of a pixel per image. In order to reduce the calculation 

10 power in the system and to simplify the hardware, preferably only those values of CO 
which are symmetrical relative to the central pixel are considered. 

Since CO is represented as a power of 2 in a preferred embodiment, an 
extended range of speeds may be identified using only a few bits for CO, while still 
enabling identification of relatively low speeds. Varying speed may be detected because, 

1 5 for example -2, 0, +2 in positions g, e, c in 3 x 3 matrix M3 indicates a speed half as fast 
as the speed corresponding to 1, 0, +1 for the same positions in matrix M3. 

Two tests are preferably performed on the results to remove uncertainties. 
The first test chooses the strongest variation, in other words the highest time constant, if 
there are variations of CO along several directions in one of the nested matrices. The 

20 second test arbitrarily chooses one of two (or more) directions along which the variation 
of CO is identical, for example by choosing the smallest value of the Freeman code, in 
the instance when identical lines of motion are directed in a single matrix in different 
directions. This usually arises when the actual direction of displacement is approximately 
between two successive coded directions in the Freeman code, for example between 

25 directions 1 and 2 corresponding to an (oriented) direction that can be denoted 1.5 (Fig. 
6) of about 67.5° with the x axis direction (direction 0 in the Freeman code). 

The scanning of an entire frame of the digital video signal S preferably 
occurs in the following sequence. The first group of pixels considered is the first 17 
rows or lines of the frame, and the first 1 7 columns of the frame. Subsequently, still for 

30 the first 17 rows of the frame, the matrix is moved column by column from the left of the 
frame to the right, as shown in Fig. 5, i.e., from portion TMi at the extreme left, then 
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TM 2 offset by one column with respect to TM,, until TM M (where M is the number of 
pixels per frame line or row) at the extreme right. Once the first 1 7 rows have been 
considered for each column from left to right, the process is repeated for rows 2 to 18 in 
the frame. This process continues, shifting down one row at a time until the last group 
5 of lines at the bottom of the frame, i.e., lines L - 16 ... L (where L is the number of lines 
per frame) are considered. 

Spatial processing unit 17 generates the following output signals for each 
pixel: i) a signal V representing the displacement speed for the pixel, based upon the 
amplitude of the maximum variation of CO surrounding the pixel, the value of which may 

10 be, for example, represented by an integer in the range 0-7 if the speed is in the form of 
a power of 2, and therefore may be stored in 3 bits, ii) a signal DI representing the 
direction of displacement of the pixel, which is calculated from the direction of maximum 
variation, the value of DI being also preferably represented by an integer in the range 0 - 
7 corresponding to the Freeman code, stored in 3 bits, iii) a binary validation signal VL 

1 5 which indicates whether the result of the speed and oriented direction is valid, in order to 
be able to distinguish a valid output with V = 0 and DI " 0, from the lack of an output 
due to an incident, this signal being 1 for a valid output or 0 for an invalid output, iv) a 
time constant signal CO, stored in 3 bits, for example, and v) a delayed video signal SR 
consisting of the input video signal S delayed in the delay unit 18 by 16 consecutive line 

20 durations TR and therefore by the duration of the distribution of the signal S in the 17x 
17 matrix 21, in order to obtain a video signal timed to matrix 21, which may be 
displayed on a television set or monitor. Also output are the clock signal HP, line 
sequence signal SL and column sequence signal SC from control unit 19. 

Nested hexagonal matrices (Fig 8) or an inverted L-shaped matrix (Fig. 9) 

25 may be substituted for the nested rectangular matrices in Figs. 4 and 7. In the case shown 
in Fig. 8, the nested matrices (in which only the most central matrices MRI and MR2 
have been shown) are all centered on point MR0 which corresponds to the central point 
of matrices M3, M9 in Fig. 7. The advantage of a hexagonal matrix system is that it 
allows the use of oblique coordinate axes x,, y„ and a breakdown into triangles with 

30 identical sides, to carry out an isotropic speed calculation. 
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The matrix in Fig. 9 is composed of a single row (L«) and a single column 
(C u ) starting from the central position MR,, in which the two signals DP and CO 
respectively are equal to "1" for DP and increase or decrease by one unit for CO, if 
movement occurs. 

5 If movement is in the direction of the x coordinate, the CO signal is 

identical in all positions (boxes) in column C u > and the binary signal DP is equal to 1 in all 
positions in row L u , from the origin MR«, with the value CO u , up to the position in which 
CO is equal to CO 0 +1 or -1 inclusive. If movement is in the direction of the y 
coordinate, the CO signal is identical in all positions (boxes) in row Lu, and the binary 

10 signal DP is equal to 1 in all positions in column C u , from the origin MRu, with the value 
CO u , up to the position in which CO is equal to CO u , +1 or -1 inclusive. If movement is 
oblique relative to the x and y coordinates, the binary signal DP is equal to 1 and CO is 
equal to CO tt in positions (boxes) of L« and in positions (boxes) of C u , the slope being 
determined by the perpendicular to the line passing through the two positions in which 

1 5 the signal CO u changes by the value of one unit, the DP signal always being equal to 1. 

Fig. 9 shows the case in which DP = I and CO„ changes value by one unit 
in the two specific positions Luj and C U 5 and indicates the corresponding slope Pp. In all 
cases, the displacement speed is a function of the position in which CO changes value by 
one unit. If CO changes by one unit in L u or C u only, it corresponds to the value of the 

20 CO variation position. If CO changes by one unit in a position in L„ and in a position in 
C u , the speed is proportional to the distance between MRy and E x (intersection of the line 
perpendicular to C u -Lu passing through MRu). 

Fig. 10 shows an imaging device with sensors located at the intersections 
of concentric lines c and radial lines d that correspond to the rows and columns of a 

25 rectangular matrix imaging device. The operation of such an imaging device is 
controlled by a circular scanning sequencer. In this embodiment, angular sector shaped n 
x n matrices MC are formed, (a 3x3 matrix MC3 and a 5x5 matrix MC5 are shown) and 
except for sequencing differences, the matrices are processed identical to the square 
matrix embodiments discussed above. 
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As shown in Figs. 1 1-16, spatial and temporal processing unit II is used 
in connection with a histogram processor 22a for identifying objects within the input 
signal based upon user specified criteria for identifying such objects. A bus Z-Z x (See 
Figs. 2, 1 1 and 12) transfers the output signals of spatial and temporal processing unit 1 1 
5 to histogram processor 22a. Histogram processor 22a generates composite output signal 
ZH which contains information on the areas in relative movement in the scene. 

Referring to Fig. 12, histogram processor 22a includes a bus 23 for 
communicating signals between the various components thereof, for receiving input 
commands from a controller 42 and for transmitting output signals to controller 42. 

10 Histogram formation and processing blocks 24 - 29 receive the various input signals, i.e,, 
delayed digital video signal SR, speed V, oriented directions (in Freeman code) DI, time 
constant CO, first axis x(m) and second axis y(m), which are discussed in detail below. 
The function of each histogram formation block is to enable a histogram to be formed for 
the domain associated with that block. For example, histogram formation block 24 

1 5 receives the delayed digital video signal SR and enables a histogram to be formed for the 
luminance values of the video signal. Since the luminance of the signal will generally be 
represented by a number in the range of 0*255, histogram formation block 24 is 
preferably a memory addressable with 8 bits, with each memory location having a 
sufficient number of bits to correspond to the number of pixels in a frame. 

20 Histogram formation block 25 receives speed signal V and enables a 

histogram to be formed for the various speeds present in a frame. In a preferred 
embodiment, the speed is an integer in the range 0-7. Histogram formation block 25 is 
then preferably a memory addressable with 3 bits, with each memory location having a 
sufficient number of bits to correspond to the number of pixels in a frame. 

25 Histogram formation block 26 receives oriented direction signal DI and 

enables a histogram to be formed for the oriented directions present in a frame. In a 
preferred embodiment, the oriented direction is an integer in the range 0-7, 
corresponding to the Freeman code. Histogram formation block 26 is then preferably a 
memory addressable with 3 bits, with each memory location having a sufficient number 

30 of bits to correspond to the number of pixels in a frame. 
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Histogram formation block 27 receives time constant signal CO and 
enables a histogram to be formed for the time constants of the pixels in a frame. In a 
preferred embodiment, the time constant is an integer in the range 0-7. Histogram 
formation block 27 is then preferably a memory addressable with 3 bits, with each 
5 memory location having a sufficient number of bits to correspond to the number of pixels 
in a frame. 

. Histogram formation blocks 28 and 29 receive the x and y positions 
respectively of pixels for which a histogram is to be formed, and form histograms for 
such pixels, as discussed in greater detail below. Histogram formation block 28 is 

10 preferably addressable with the number of bits corresponding to the number of pixels in a 
line, with each memory location having a sufficient number of bits to correspond to the 
number of lines in a frame, and histogram formation block 29 is preferably addressable 
with the number of bits corresponding to the number of lines in a frame, with each 
memory location having a sufficient number of bits to correspond to the number of pixels 

15 in a line. 

Referring to Figs. 12 and 14, each of the histogram formation blocks 24 - 
29 has an associated validation block 30 - 35 respectively, which generates a validation 
signal VI - V6 respectively. In general, each of the histogram formation blocks 24-29 is 
identical to the others and functions in the same manner. For simplicity, the invention 

20 will be described with respect to the operation of histogram formation block 25, it being 
appreciated that the remaining histogram formation blocks operate in a like manner. 
Histogram formation block 25 includes a histogram forming portion 25a, which forms 
the histogram for that block, and a classifier 25b, for selecting the criteria of pixels for 
which the histogram is to be formed. Histogram forming portion 25a and classifier 25b 

25 operate under the control of computer software in an integrated circuit (not shown), to 
extract certain limits of the histograms generated by the histogram formation block, and 
to control operation of the various components of the histogram formation units. 

Referring to Fig. 14, histogram forming portion 25a includes a memory 
100, which is preferably a conventional digital memory. In the case of histogram 

30 formation block 25 which forms a histogram of speed, memory 100 is sized to have 
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addresses 0-7, each of which may store up to the number of pixels in an image. Between 
frames, memory 100 is initiated, i.e., cleared of all memory, by setting />i/7=l in 
multiplexors 102 and 104. This has the effect, with respect to multiplexor 102 of 
selecting the "0" input, which is output to the Data In line of memory 100. At the same 
5 time, setting #/w7=l causes multiplexor 104 to select the Counter input, which is output to 
the Address line of memory 100. The Counter input is connected to a counter (not 
shown) that counts through all of the addresses for memory 100, in this case 
0<address<7. This has the effect of placing a zero in all memory addresses of memory 
100. Memory 100 is preferably cleared during the blanking interval between each frame. 

10 After memory 100 is cleared, the mil line is set to zero, which in the case of multiplexor 
102 results in the content of the Data line being sent to memory 100, and in the case of 
multiplexor 104 results in the data from spatial processing unit 117, i.e., the V data, 
being sent to the Address line of memory 100. 

Classifier 25b enables only data having selected classification criteria to be 

15 considered further, meaning to possibly be included in the histograms formed by 
histogram formation blocks 24-29. For example, with respect to speed, which is 
preferably a value in the range of 0-7, classifier 25b may be set to consider only data 
within a particular speed category or categories, e.g., speed 1, speeds 3 or 5, speed 3-6, 
etc. Classifier 25b includes a register 106 that enables the classification criteria to be set 

20 by the user, or by a separate computer program. By way of example, register 106 will 
include, in the case of speed, eight registers numbered 0-7. By setting a register to "1", 
e.g., register number 2, only data that meets the criteria of the selected class, e.g., speed 
2, will result in a classification output of "1". Expressed mathematically, for any given 
register in which R(k) = b, where k is the register number and b is the boolean value 

25 stored in the register: 

Output= R(data(V)) 

So for a data point V of magnitude 2, the output of classifier 25b will be "1" only if 
R(2)=l. The classifier associated with histogram formation block 24 preferably has 256 
registers, one register for each possible luminance value of the image. The classifier 
30 associated with histogram formation block 26 preferably has 8 registers, one register for 
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each possible direction value. The classifier associated with histogram formation block 
27 preferably has 8 registers, one register for each possible value of CO. The classifier 
associated with histogram formation block 28 preferably has the same number of 
registers as the number of pixels per line. Finally, the classifier associated with histogram 
S formation block 29 preferably has the same number of registers as the number of lines 
per frame. The output of each classifier is communicated to each of the validation blocks 
30-35 via bus 23, in the case of histogram formation blocks 28 an 29, through 
combination unit 36, which will be discussed further below. 

Validation units 30-35 receive the classification information in parallel 

10 from all classification units in histogram formation blocks 24 - 29. Each validation unit 
generates a validation signal which is communicated to its associated histogram 
formation block 24 - 29. The validation signal determines, for each incoming pixel, 
whether the histogram formation block will utilize that pixel in forming it histogram. 
Referring again to Fig. 14, which shows histogram formation block 25, validation unit 31 

15 includes a register block 108 having a register associated with each histogram formation 
block, or more generally, a register associated with each data domain that the system is 
capable of processing, in this case, luminance, speed, direction, CO, and x and y position. 
The content of each register in register block 108 is a binary value that may be set by a 
user or by a computer controller. Each validation unit receive via bus 23 the output of 

20 each of the classifiers, in this case numbered 0 ... p, keeping in mind that for any data 
domain, e.g., speed, the output of the classifier for that data domain will only be "1" if 
the particular data point being considered is in the class of the registers set to "1 H in the 
classifier for that data domain. The validation signal from each validation unit will only 
be "1" if for each register in the validation unit that is set to "1", an input of "1" is 

25 received from the classifier for the domain of that register. This may be expressed as 
follows: 

out = (/w 0 + Rego). + Regi) ... (in„ + Reg„ )(/>? 0 + + ... /«») 
where Rego is the register in the validation unit associated with input in 0 . Thus, using the 
30 classifiers in combination with validation units 30 - 35, the system may select for 
processing only data points in any selected classes within any selected domains. For 
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example, the system may be used to detect only data points having speed 2, direction 4, 
and luminance 125 by setting each of the following registers to "1": the registers in the 
validation units for speed, direction, and luminance, register 2 in the speed classifier, 
register 4 in the direction classifier, and register 125 in the luminance classifier. In order 
5 to form those pixels into a block, the registers in the validation units for the x and y 
directions would be set to " 1 " as well. 

Referring again to Fig. 13, validation signal V2 is updated on a pixel-by- 
pixel basis. If, for a particular pixel, validation signal V2 is "1", adder 110 increments 
the output of memory 100 by one. If, for a particular pixel, validation signal V2 is "0", 
10 adder 100 does not increments the output of memory. In any case, the output of adder 
100 is stored in memory 100 at the address corresponding to the pixel being considered. 
For example, assuming that memory 100 is used to form a histogram of speed, which 
may be categorized as speeds 0-7, and where memory 100 will include 0-7 
corresponding memory locations, if a pixel with speed 6 is received, the address input to 
15 multiplexor 104 through the data line will be 6. Assuming that validation signal V2 is 
" 1 ", the content in memory at location 6 will be incremented. Over the course of an 
image, memory 100 will contain a histogram of the pixels for the image in the category 
associated with the memory. If, for a particular pixel, validation signal V2 is "0" because 
that pixel is not in a category for which pixels are to be counted (e g., because that pixel 
20 does not have the correct direction, speed, or luminance), that pixel will not be used in 
forming the histogram. 

For the histogram formed in memory 100, key characteristics for that 
histogram are simultaneously computed in a unit 112. Referring to Fig. 14, unit 112 
includes memories for each of the key characteristics, which include the minimum (MIN) 
25 of the histogram, the maximum (MAX) of the histogram, the number of points (NBPTS) 
in the histogram, the position (POSRMAX) of the maximum of the histogram, and the 
number of points (RMAX) at the maximum of the histogram. These characteristics are 
determined in parallel with the formation of the histogram as follows: 
For each pixel with a validation signal V2 of "1": 
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(a) if the data value of the pixel < MIN (which is initially set to the 
maximum possible value of the histogram), then write data value in MIN; 

(b) if the data value of the pixel > MAX (which is initially set to the 
minimum possible value of the histogram), then write data value in MAX; 

5 (c) if the content of memory 1 00 at the address of the data value of 

the pixel > RMAX (which is initially set to the minimum possible value of the histogram), 
then i) write data value in POSRMAX and ii) write the memory output in RMAX. 
(d) increment NBPTS (which is initially set to zero). 
At the completion of the formation of the histogram in memory 100 at the 

10 end of each frame, unit 112 will contain important data characterizing the histogram. 
The histogram in each memory 100, and the characteristics of the histogram in units 1 12 
are read during the scanning spot of each frame by controller 42, and the memories 100 
are cleared and units 1 12 are re-initialized for processing the next frame. 

The system of the invention includes a semi-graphic masking function to 

1 5 select pixels to be considered by the system. Fig. 1 7 shows a typical image 53 consisting 
of pixels arranged in a Q x R matrix, which is divided into sub-matrices 51 each having a 
dimension of s x /, wherein each s x / sub-matrix includes s x / number of pixels of the 
image. Each sub-matrix shown in Fig. 17 is a 3x4 matrix. In a preferred embodiment, 
s=9 and /=12, although any appropriate sub-matrix size may be used, if desired, including 

20 1x1. Referring to Fig. 12, histogram processor 22a includes a semi-graphic memory 50, 
which includes a one-bit memory location corresponding to each s x / matrix. For any 
given sub-matrix 51, the corresponding bit in memory 50 may be set to "0", which has 
the effect of ignoring all pixels in such sub-matrix 50, or may be set to "1" in which case 
all pixels in such sub-matrix will be considered in forming histograms. Thus, by using 

25 semi-graphic memory 50, it is possible to limit those areas of the image to be considered 
during histogram formation. For example, when an image of a road taken by a camera 
facing forward on a vehicle is used to detect the lanes of the road, the pixel information 
of the road at the farthest distances from the camera generally does not contain useful 
information. Accordingly, in such an application, the semi-graphic memory is used to 

30 mask off the distant portions of the road by setting semi-graphic memory 50 to ignore 
such pixels. Alternatively, the portion of the road to be ignored may be masked by 
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setting the system to track pixels only within a detection box that excludes the undesired 
area of the screen, as discussed below. 

In operation, for any pixel under consideration, an AND operation is run 
on the validation signal for such pixel and the content of semi-graphic memory 50 for the 
5 sub-matrix in which that pixel is located. If the content of semi-graphic memory 50 for 
the sub-matrix in which that pixel is located contains "0", the AND operation will yield a 
"0" and the pixel will be ignored, otherwise the pixel will be considered in the usual 
manner. It is foreseen that the AND operation may be run on other than the validation 
signal, with the same resultant functionality. Also, it is foreseen that memory 50 may be 

1 0 a frame size memory, with each pixel being independently selectable in the semi-graphic 
memory. This would enable any desired pixels of the image to be considered or ignored 
as desired. Semi-graphic memory 50 is set by controller 42 via data bus 23. 

Fig. 16 shows an example of the successive classes C,, C 2 ~.C n .i, C„, each 
representing a particular velocity, for a hypothetical velocity histogram, with their being 

15 categorization for up to 16 velocities (15 are shown) in this example. Also shown is 
envelope 38, which is a smoothed representation of the histogram. 

In order to locate the position of an object having user specified criteria 
within the image, histogram blocks 28 and 29 are used to generate histograms for the x 
and y positions of pixels with the selected criteria. These are shown in Fig. 13 as 

20 histograms along the x and y coordinates. These x and y data are output to moving area 
formation block 36 which combines the abscissa and ordinate information x(m>2 and 
y(m) 2 respectively into a composite signal xy(m) that is output onto bus 23. A sample 
composite histogram 40 is shown in Fig. 13. The various histograms and composite 
signal xy(m) that are output to bus 23 are used to determine if there is a moving area in 

25 the image, to localize this area, and/or to determine its speed and oriented direction. 
Because the area in relative movement may be in an observation plane along directions x 
and y which are not necessarily orthogonal, as discussed below with respect to Fig. 18, a 
data change block 37 may be used to convert the x and y data to orthogonal coordinates. 
Data change block 37 receives orientation signals x(m)i and y(m)i for x(m) 0 and y(m) 0 

30 axes, as well as pixel clock signals HP, line sequence and column sequence signals SL 
and SC (these three signals being grouped together in bundle F in Figs. 2, 4, and 10) and 
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generates the orthogonal x(m)\ and y(m)i signals that are output to histogram formation 
blocks 28 and 29 respectively. 

In order to process pixels only within a user-defined area, the x-direction 
histogram formation unit 28 may be programmed to process pixels only in a class of 
5 pixels defined by boundaries, i.e. XMIN and XMAX. This is accomplished by setting the 
XMIN and XMAX values in a user-programmable memory in x-direction histogram 
formation unit 28 or in linear combination units 30-35. Any pixels outside of this class 
will not be processed. Similarly, y-direction histogram formation unit 29 may be set to 
process pixels only in a class of pixels defined by boundaries YMIN and YMAX. This is 

10 accomplished by setting the YMIN and YMAX values in a user-programmable memory 
in y-direction histogram formation unit 29 or in linear combination units 30-35. Thus, 
the system can process pixels only in a defined rectangle by setting the XMIN and 
XMAX, and YMIN and YMAX values as desired. Of course, the classification criteria 
and validation criteria from the other histogram formation units may be set in order to 

15 form histograms of only selected classes of pixels in selected domains within the selected 
rectangular area. The XMIN and XMAX memory locations have a sufficient number of 
bits to represent the maximum number of pixels in the x dimension of the image under 
consideration, and the YMIN and YMAX memory locations have a sufficient number of 
bits to represent the maximum number of pixels in the y dimension the image under 

20 consideration. As discussed further below, the x and y axes may be rotated in order to 
create histograms of projections along the rotated axes. In a preferred embodiment, the 
XMIN, XMAX, YMIN and YMAX memory locations have a sufficient number of bits to 
represent the maximum number of pixels along the diagonal of the image under 
consideration (the distance from "Origin" to "Stop" in Fig. 15). In this way, the system 

25 may be used to search within a user-defined rectangle along a user-defined rotated axis 
system. 

In order for a pixel PI(a,b) to be considered in the formation of x and y 
direction histograms, whether on the orthogonal coordinate axes or along rotated axes, 
the conditions XMIN<a<XMAX and YMIN<b<YMAX must be satisfied. The output of 
30 these tests may be ANDed with the validation signal so that if the conditions are not 
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satisfied, a logical "0" is ANDed with the validation signal for the pixel under 
consideration, thereby avoiding consideration of the pixel in the formation of x and y 
direction histograms. 

Fig. 13 diagrammatically represents the envelopes of histograms 38 and 
5 39, respectively in x and y coordinates, for velocity data. In this example, x M and y M 
represent the x and y coordinates of the maxima of the two histograms 38 and 39, 
whereas \ a and l b for the x axis and l c and l d for the y axis represent the limits of the range 
of significant or interesting speeds, l a and l c being the longer limits and l b and I d being the 
upper limited of the significant portions of the histograms. Limits I,, I b , l c and l d may be 

1 0 set by the user or by an application program using the system, may be set as a ratio of the 
maximum of the histogram, e.g., x M /2, or may be set as otherwise desired for the 
particular application. 

The vertical lines L a and L b of abscissas I a and I b and the horizontal lines 
L c and L d of ordinals l c and l d form a rectangle that surrounds the cross hatched area 40 

15 of significant speeds (for all x and y directions). A few smaller areas 41 with longer 
speeds, exist close to the main area 40, and are typically ignored. In this example, all 
that is necessary to characterize the area with the largest variation of the parameter for 
the histogram, the speed V in this particular case, is to identify the coordinates of the 
limits L l b , l c and l d and the maxima X M and Y M , which may be readily derived for each 

20 histogram from memory 100, the data in units 1 12, and the xy(m) data block. 

Thus, the system of the invention generates in real time, histograms of 
each of the parameters being detected. Assuming that it were desired to identify an 
object with a speed of "2" and a direction of "4", the validation units for speed and 
direction would be set to " 1 and the classifiers for speed "2" and direction "4" would be 

25 set to "P. In addition, since it is desired to locate the object(s) with this speed and 
direction on the video image, the validation signals for histogram formation blocks 28 
and 29, which correspond to the x and y coordinates, would be set to " 1 " as well. In this 
way, histogram formation blocks 28 and 29 would form histograms of only the pixels 
with the selected speed and direction, in real-time. Using the information in the 

30 histogram, and especially POSRMAX, the object with the greatest number of pixels at 
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the selected speed and direction could be identified on the video image in real-time. 
More generally, the histogram formation blocks can localize objects in real-time meeting 
user-selected criteria, and may produce an output signal if an object is detected. 
AJternatively, the information may be transmitted, e.g., by wire, optical fiber or radio 
relay for remote applications, to a control unit, such as unit 10a in Fig. 1, which may be 
near or remote from spatial and temporal processing unit 1 1. 

While the system of the invention has been described with respect to 
formation of histograms using an orthogonal coordinate system defined by the horizontal 
and vertical axes of the video image, the system may be used to form histograms using 
non-orthogonal axes that are user-defined. Figs. 15A and 15B show a method of using 
rotation of the analysis axis to determine the orientation of certain points in an image, a 
method which may be used, for example to detect lines. In a preferred embodiment, the 
x-axis may be rotated in up to 16 different directions (180°/16), and the y-axis may be 
independently rotated by up to 16 different directions. Rotation of the axes is 
accomplished using data line change block 37 which receives as an input the user-defined 
axes of rotation for each of the x any y axes, and which performs a Hough transform to 
convert the x and y coordinate values under consideration into the rotated coordinate 
axis system for consideration by the x and y histogram formation units 28 and 29. The 
operation of conversion between coordinate systems using a Hough transform is known 
in the art. Thus, the user may select rotation of the x-coordinate system in up to 16 
different directions, and may independently rotate the y-coordinate system in up to 16 
different directions. Using the rotated coordinate systems, the system may perform the 
functionality described above, including searching within user-defined rectangles (on the 
rotated axes), forming histograms on the rotated axes, and searching using velocity, 
direction, etc. 

As discussed above, each histogram formation unit calculates the 
following values for its respective histogram. 

MIN, MAX, NBPTS, RMAX, POSRMAX 
Given that these values are calculated in real-time, the use of these values allows the 
system to rapidly identify lines on an image. While this may be accomplished in a 
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number of different ways, one of the easier methods is to calculate R, where R 
=NBPTS/RMAX, i.e., the ratio of the number of points in the histogram to the number 
of points in the maximal line. The smaller this ratio, i.e., the closer R approaches 1, the 
more perpendicularly aligned the data points under consideration are with the scanning 
5 axis. 

Fig. ISA shows a histogram of certain points under consideration, where 
the histogram is taken along the x-axis, i.e., projected down onto the x-axis. In this 
example, the ratio R, while not calculated, is high, and contains little information about 
the orientation of the points under consideration. As the x-axis is rotated, the ratio R 

10 increases, until, as shown in Fig. 15B, at approximately 45° the ratio R would reach a 
maximum. This indicates that the points under consideration are most closely aligned 
perpendicular to the 45° x-axis. In operation, on successive frames, or on the same 
frame if multiple x-direction histogram formation units are available, it is advantageous 
to calculate R at different angles, e.g., 33.75° and 57.25° (assuming the axes are limited 

15 to 1 6 degrees of rotation), in order to constantly ensure that R is at a minimum. For 
applications in which it is desirable to detect lines, and assuming the availability of 16 x- 
direction histogram formation units, it is advantageous to carry out the calculation of R 
simultaneously along all possible axes to determine the angle with the minimum R to 
determine the direction of orientation of the line. Because the x and y axes may be 

20 rotated independently, the x and y histogram formation units are capable of 
simultaneously independently detecting lines, such as each side line of a road, in the same 
manner. 

As discussed above, the system of the invention may be used to search for 
objects within a bounded area defined by XMIN, XMAX, YMIN and YMAX. Because 

25 moving object may leave the bounded area the system preferably includes an anticipation 
function which enables XMIN, XMAX, YMIN and YMAX to be automatically 
modified by the system to compensate for the speed and direction of the target. This is 
accomplished by determining values for O-MVT, corresponding to orientation 
(direction) of movement of the target within the bounded area using the direction 

30 histogram, and I-MVT, corresponding to the intensity (velocity) of movement. Using 
these parameters, controller 42 may modify the values of XMIN, XMAX, YMIN and 



BNSDOCID: <WO 0011609A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 00/11609 



PCT/EP99/00425 



37 

YMAX on a frame-by-frame basis to ensure that the target remains in the bounded box 
being searched. These parameters also enable the system to determine when a moving 
object, e.g., a line, that is being tracked based upon its axis of rotation, will be changing 
its axis of orientation, and enable the system to anticipate a new orientation axis in order 
5 to maintain a minimized value of R. 

Referring to Fig. 12, a controller 42, which is preferably a conventional 
microprocessor-based controller, is used to control the various elements of the system 
and to enable user input of commands and controls, such as with a computer mouse and 
keyboard (not shown), or other input device. Components 11a and 22a, and controller 

10 42, are preferably formed on a single integrated circuit. Controller 42 is in 
communication with data bus 23, which allows controller 42 to run a program to control 
various parameters that may be set in the system and to analyze the results. In order to 
select the criteria of pixels to be tracked, controller 42 may also directly control the 
following: i) content of each register in classifiers 25b, ii) the content of each register in 

15 validation units 31, iii) the content of XMIN, XMAX, YMIN and YMAX, iv) the 
orientation angle of each of the x and y axes, and v) semi-graphic memory 50. 
Controller 42 may also retrieve i) the content of each memory 100 and ii) the content of 
registers 112, in order to analyze the results of the histogram formation process. In 
addition, in general controller 42 may access and control all data and parameters used in 

20 the system. 

Figs. 18-?? shows an example of use of the system of the invention to 
perform certain functions useful for automatic vehicle cruise-control, including detection 
of the lines on a road, detection of lanes on a road in which the vehicle is driving, and 
detection of vehicles passing or being passed by the vehicle under consideration. 

25 Referring to Fig, 18, the lane 200 of a road is generally defined by a line 202 bounding 
the left side of the lane and a line 204 bounding the right side of the lane. In general, 
these lines may be i) solid or broken, ii) single or double lines, and iii) white or yellow, 
depending upon the type of road under consideration. In the case of merging lanes and 
exit lanes, the line bounding the side of the road may end temporarily, with one or more 

30 lines merging with or diverging from the lane. 
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The invention will be described with respect to detection of a solid white 
line 204 on the right side of the lane. Referring to Fig. 19, controller 42 is initially placed 
in an acquisition mode (206). Since a white line is defined by high luminance, controller 
42 sets the registers 106 in the luminance linear combination unit to detect high 
luminance levels (208). Other features that may be associated with the right side line are 
motion (DP) and direction (DI). It is foreseen that these and other features associated 
with the line may be tracked, if desired. The actual luminance levels will vary depending 
upon various factors, such as ambient lighting, time of day, weather conditions, etc. 
Keeping in mind that controller 42 is able to access the histogram calculated for 
luminance from histogram formation unit 24, controller 42 may use a threshold or other 
desired technique to select the desired luminances to search for the white line, e.g., 
selecting the top 15% of luminance values for consideration. 

This example will assume that only a single x-dimension histogram 
formation unit is available for use. As such, the detection of the angle of a line is 
accomplished by sweeping through a number of angles until the value of R, or any other 
desired parameter indicating the alignment of the line is achieved. Were multiple x- 
dimension histogram formation units available, the calculation of R at different angles 
could be accomplished simultaneously. 

The right side line is normally located within some fixed area to the right 
of the vehicle angling inward on the video image. Accordingly, controller 42 sets the x- 
axis to a starting angle normally associated with the right side line (210) (the Initial 
Search Axis shown in Fig. 18), and sets the positions of XMIN, XMAX, YMIN and 
YMAX to cover a rectangular area to the right of the vehicle normally associated with 
the right line (212) (initial values of XMIN, XMAX, YMIN and YMAX are shown in 
Fig. 18). In the search mode, during which time the line is being acquired, XMIN, 
XMAX, YMIN and YMAX are set to cover a wider area than normal in order to 
maximize the likelihood of detection of the line. 

In order to confirm detection of the line, the controller runs one or more 
tests on the histogram at the desired luminance levels in the desired area. For example, 
the line would normally be expected to have a certain length. Accordingly, the system 
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looks for a threshold minimum number of pixels at RMAX (214). If the threshold is met, 
the line is considered as being acquired. If the threshold is not met, the x-axis is rotated 

(2 1 6) , and a new histogram is determined for the next frame. This procedure is repeated 
until the line is acquired. Normally, during acquisition, the angle of the x-axis is swept 

5 up to two positions, i.e., 22.5* in the preferred embodiment, to the left and right of the 
starting x-axis until the target is acquired. 

Once the line has been acquired, the system operates in a track mode 

(217) . In the track mode, XMIN, XMAX, YMIN and YMAX are set to cover a 
narrower area than during the acquisition mode to more closely cover the detected line 

10 (226). During the track mode the x-axis is normally over a smaller area (218), i.e., 1 1.25° 
to the left and right of the axis on which the line has been detected, in order to maximize 
R (220), which ensures that the correct angle of the line is constantly tracked. If tracking 
of the line is lost, e.g., because the controller fails to detect a threshold minimum number 
of pixels at RMAX (222), the search mode is reinitiated. Once a track is obtained on the 

1 5 line, controller 42 may constantly monitor the luminance histogram in the tracked area to 
update the luminance levels associated with the line (224). 

Detection of the line may be achieved using any other criteria that are 
searchable using the system. For example, the system of the invention may be used to 
detect hue and saturation when used in connection with a color camera. Were the 

20 system acquiring a yellow line, controller 42 could set the linear combination unit of the 
hue histogram formation unit to detect those hues associated with the color yellow. 
Were the system detecting a double line, there are a number of methods by which the 
system may be augmented. A double line is characterized by a histogram having a peak 
associated with each line, wherein the peaks are separated by a known distance. With 

25 two x-direction histogram formation units, each could be set to track a narrow 
rectangular area associated with a single line, wherein the narrow areas are separated 
from each other by the known distance. Both histogram formation units sweep 
simultaneously, and only when both histogram formation units have detected a line 
simultaneously, has the double line been acquired. Alternatively, a single histogram 

30 formation unit may be used to detect both lines in a similar manner over a period of two 
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frames, with a first line being detected during the first image or frame, and the second 
line detected during the next image or frame. This process is repeated to maintain track 
on the lines. During acquisition, the x-axis is preferably swept until a first line is acquired 
before attempting to acquire the second line. Since the second line may be positioned on 
either side of the first line, the search for the second line may be attempted at the known 
distance on each side of the first line until the second line is acquired. 

Alternatively, a single histogram formation unit may be used to detect the 
double line. In this embodiment the initial scanning area is set to be large enough to 
cover both lines. Since the histogram of the two lines will have two peaks, rather that 
using RMAX to detect the lines controller 42 may directly access and analyze the 
histogram of the selected area from memory 100 during the blanking interval, to locate 
the two peaks in the histogram that are associated with the two lines. As in the prior 
embodiment, each peak must have at least a minimum number of pixels or other 
characteristic indicative of a line to confirm acquisition of the double lines. Upon 
15 detecting the two peaks in the histogram, i.e., upon acquiring the lines, the system 
sweeps (rotates) the x-axis to maintain a maximum in the peaks of the histogram, i.e., to 
maintain track the lines. 

Detection of broken lines is similar and may be accomplished through a 
number of techniques. Broken lines would normally be associated with a time-varying 
20 histogram in which the number of points in the histogram and the peak of the histogram 
varies in a known cyclical manner. Thus, broken lines may normally be detected by any 
technique in which the histogram in the selected area associated with the line is time 
averaged, such as by having controller 42 perform any desired time averaging function 
on the histogram of the broken line, or by analyzing the peaks of the histogram of the 
25 line over time to detect the periodic fluctuations in the number of points in the histogram 
that would be associated with a broken line. 

Referring to Fig. 20, a single detection area 226 may be used to cover an 
area large enough to cover a broken line 228 and the gap between broken lines, or some 
known multiple of lines. In this embodiment, detection of a broken line is similar to 
30 detection of a solid line, i.e., formation of a histogram of the pixels within the selected 
area and rotation of the axis of the detection area to maintain the line parallel to the 
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detection axis, provided that the histogram of the detection area will be characterized by 
having fewer pixels than for a solid line. 

Alternatively, referring to Figs. 21 A and 21 B, a first detection area 230 
may be used to detect a first portion of the broken line, and a second detection area 232 
5 may be used to detect a second portion of the broken line. Each of these detection areas 
is preferably sized to receive in it a solid portion of the broken line, keeping in mind that, 
due to perspective, detection area 232 will generally be smaller than detection area 230 
despite the fact that each is sized to cover the same area. Controller 42 is able to 
distinguish a broken line from a solid line by monitoring the histograms of each of the 

10 first and second detection areas, and by monitoring the cross-over of a line from 
detection area 230 to detection area 232. As shown in Fig. 2 IB, which shows a graph of 
RMAX for each of detection areas 230 and 232 over time, each graph varies generally 
sinusoidally, and each is an inverse of the other. By monitoring the peaks of the 
histograms over time, controller 42 can detect when RMAX is at a peak, and thus when 

15 the line is perpendicular to the projection axis. Of course, each peak must meet a 
threshold value to indicate detection of the line, at which time the detection axis may be 
rotated to maintain a maximum in the peak value. If the peak of the histogram falls 
below the threshold value, the system may enter into search mode over a wider area to 
reacquire the line. Within detection area 232, controller 42 will preferably identify a 

20 location of the line and an orientation angle of the line. As the line crosses from 
detection area 232 to detection area 230, controller 42 may also control the histogram 
formation unit for area 230 to cover the location and the angle determined with respect 
to detection area 232 in order to maintain better track of the broken line. Of course, 
controller 42 may maintain track of the line using a single detection box, if desired, by 

25 tracking the peak of the histogram over time. 

As discussed above, the x and y axes may be rotated independently of one 
another. Thus, while the invention has been described with respect to using the x- 
direction histogram to detect the right line, it will be appreciated that the y-direction 
histogram may be used to simultaneously detect the left line, or vice versa, in the same 

30 manner as discussed above, and each of the x and y histogram formation units may also 
be used to detect the same line, or different portions thereof 
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As shown in Figs. 22 and 23, the system of the invention may be used to 
detect a vehicle passing or being passed by the vehicle under consideration. In general, 
detection of vehicles passing or being passed is made more robust by first detecting the 
area of the lane(s) adjacent to the lane in which the subject vehicle is moving. Described 
5 above is a technique for detecting a solid, broken or double lines. This example will 
assume that a vehicle to be detected is located in the lane 236 to the left of the lane 237 
of the vehicle under consideration. Initially, it is desirable to detect the line 234 
immediately to the left of the subject vehicle, i.e., the right line of lane 236. This is 
accomplished, as described above, by entering into a search mode until the line is 

10 detected, and then remaining in a track mode (240). The left side line 238 of lane 236 is 
generally a known distance d from line 234 at a known difference in orientation. Once 
right side line 234 has been detected, the system enters into a search mode to locate the 
left side line (24 1 ). Once the left side line has been acquired, the location of lane 236 is 
known, and controller 42 sets the histogram formation units to search only the area 

15 bounced by lines 234 and 238 by setting XMIN, XMAX, YMIN and YMAX to cover 
only the lane area (242), The axis to be searched is set (244) by controller 42 to be 
parallel to lines 234 and 238. 

Once the search area has been determined, which may occur in as little as 
one frame, controller 42 sets the histogram formation units to detect pixels having 

20 characteristics of a moving vehicle (246). These characteristics are diverse, and depend 
upon numerous factors, such as time of day, ambient lighting, etc. At night, vehicles are 
most easily detected using the high luminance of the vehicle headlights or taillights. 
Taillights may also be detecting using the hue and saturation of the red lights. In daylight 
conditions, motion of the vehicle may be detected by detecting movement in the lane area 

25 (DP), velocity, luminance, movement in a direction parallel to the lane lines, color, etc., 
or combinations of these factors. 

For the present example, it will be assumed that the system is tracking a 
vehicle at night moving in a positive direction, i.e., the vehicle is passing the subject 
vehicle. Controller 42 preferably sets the histogram processing units to detect the hue 

30 and saturation associated with red lights, high luminance values, and velocity in the 
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positive direction parallel to the lane lines. Fig. 22 shows the detected pixels 239. Also 
shown are histograms of the resultant pixels taken along an x-axis 241 approximately 
perpendicular to the lane, and along a y-axis 243 set for this example to be perpendicular 
to the x-axis (although the y-axis is not required to be perpendicular to the x-axis). 
5 Using the information in these histograms, processor 42 may determine numerous pieces 
of information about the vehicle. The velocity of the vehicle may be determined by the 
velocity V values of the pixels in movement. This velocity value may be verified by 
tracking POSRMAX of the y-direction histogram, which will move at the same velocity 
as the vehicle. The left and right taillights may be separately identified either by i) using 

10 a separate detection box for each light, or ii) by having processor 42 scan the histogram 
taken along the x-axis to locate the two peaks in the histogram. Once each light is 
identified, the approximate distance between the passing vehicle and the subject vehicle 
may be determined. If the lights are separately identified using separate detection boxes, 
the determination that the detected objects are a vehicle may be verified by verifying that 

1 5 the two detected lights are moving at the same speed in the same direction. Detection of 
vehicles moving in other directions is accomplished using similar techniques. 

As shown in figures 24 and 25 the system of the invention makes it 
possible to determine an area including a line 924, the area being limited by two 
perpendicular axes 824, one of them being sensibly perpendicular to said line. In case a 

20 curve 925 has to be determined, said curve is segmented into sensibly linear portions 
. where one of two perpendicular axes 825, 825*, 825" delimiting an area including said 
sensibly linear portion, is sensibly perpendicular to said linear portion. 

It will be appreciated that while the invention has been described with 
respect to detection of certain types of objects using certain techniques, the invention is a 

25 generic image processor and is capable of detecting these and other objects using any 
possible measurable characteristics of the pixels, and that any information discernible 
from the histograms formed by the invention may be used to detect, track, and 
characterize targets. More generally, although the present invention has been described 
with respect to certain embodiments and examples, variations exist that are within the 

30 scope of the invention as described in the following claims. 
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CLAIMS 

1. A process for identifying the orientation of a line in an input 
image, the line comprising a plurality of pixels, the process comprising the steps of: 

forming a histogram of the pixels projected onto a first axis; 

rotating the first axis and forming a histogram of the pixels projected 
onto the rotated first axis until the histogram comprises characteristics indicating that the 
line is most closely perpendicular to the rotated first axis. 

2. The process according to claim 1 wherein the histogram 
characteristics comprise R =NBPTS/RMAX, and wherein the line is determined to be 
most closely perpendicular to the rotated first axis at which R is a minimum. 

3. The process according to claim 1 wherein the first axis is the 
horizontal or vertical axis of the image. 

4. A process of detecting a line on a road from a vehicle-mounted 
camera, the process comprising the steps of: 

acquiring an image of the road, the image comprising a plurality of pixels 
corresponding to the line; 

selecting pixels of the image having characteristics corresponding to 
characteristics of the line; 

forming a histogram of the selected pixels projected onto a first axis; 

analyzing the histogram to identify characteristics indicative of a line; 

rotating the first axis and forming a histogram of the selected pixels 
projected onto the rotated first axis until the histogram comprises characteristics 
indicative of a line, 

5. The process according to claim 4 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a line 
comprises selecting pixels selected from the group consisting of luminance, hue, 
saturation, direction, DP, CO and velocity. 

6. The process according to claim 4 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a line 
comprises selecting pixels in a desired area of the image. 
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7. The process according to claim 4 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a line 
comprises selecting pixels in a desired area of the image at a desired orientation in the 
image. 

5 8. The process according to claim 4 further comprising repeating the 

step of rotating the first axis and forming a histogram of the selected pixels until the 
histogram comprises characteristics indicating that the line is most closely perpendicular 
to the rotated first axis. 

9. The process according to claim 8 wherein the histogram 
10 characteristics comprise R =NBPTS/RMAX, and wherein the line is determined to be 

most closely perpendicular to the rotated first axis at the rotated first axis at which R is a 
minimum. 

10. The process according to claim 8 wherein the first axis is the 
horizontal or vertical axis of the image. 

15 11. The process according to claim 4 wherein the line is a double line 

and wherein: 

the step of selecting pixels of the image having characteristics 
corresponding to characteristics of the line comprises selecting first pixels in a first 
desired area of the image at a first desired orientation in the image for selecting pixels 
20 associated with the first line, and selecting pixels in a second desired area of the image at 
a second desired orientation in the image for selecting pixels associated with the second 
line; 

the step of forming a histogram of the selected pixels projected onto a 
first axis comprises forming a first histogram of the selected first pixels projected onto a 
25 first axis and forming a second histogram of the selected second pixels projected onto the 
first axis; 

the step of analyzing the histogram to identify characteristics indicative of 
a line comprises analyzing each of the first and second histograms to identify 
characteristics indicative of a line; and 
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the step of rotating the first axis comprises rotating the first axis and 
forming first and second histograms of the selected first and second pixels respectively 
projected onto the rotated first axis until each of the first and second histograms 
comprises characteristics indicative of a line. 

12. The process according to claim 11 further comprising repeating 
the step of rotating the first axis and forming first and second histogram until each of the 
first and second histograms comprises characteristics indicative of a line and until at least 
one of the first and second histograms comprises characteristics indicating that the line 
associated with such histogram is most closely perpendicular to the rotated first axis, 

13. The process according to claim 12 wherein the histogram 
characteristics comprise R =NBPTS/RMAX, and wherein the line is determined to be 
most closely perpendicular to the rotated first axis at the rotated first axis at which R is a 
minimum. 

14. The process according to claim 11 wherein the double lines are 
parallel to the other and each line is selected from the group consisting of solid and 
broken lines. 

15. The process according to claim 4 wherein the line is a parallel 
double line and wherein the step of analyzing the histogram to identify characteristics 
indicative of a line comprises analyzing the histogram to identify two peaks characteristic 
of a parallel double line. 

16. The process according to claim 4 wherein the line is solid or 

broken. 

1 7. The process according to claim 4 wherein the line is a broken line 

and wherein: 

the step of analyzing the histogram to identify characteristics indicative of 
a line comprises time averaging the histogram over a succession of frames of the image. 

1 8. The process according to claim 4 wherein the line is a broken line 

and wherein: 



SUBSTITUTE SHEET (RULE 26) 

00116O9A1 J_> 



WO 00/11609 



PCT/EP99/00425 



47 

the step of analyzing the histogram to identify characteristics indicative of 
a line comprises analyzing the histogram over a succession of frames of the image to 
identify a periodic fluctuation in peaks of the histogram indicative of a broken line. 

1 9. The process according to claim 4 wherein the line is a broken line 

5 and wherein: 

the step of selecting pixels of the image having characteristics 
corresponding to characteristics of the line comprises selecting first pixels in a first 
desired area of the image for selecting pixels associated with a first portion of the broken 
line, and selecting pixels in a second desired area of the image for selecting pixels 
10 associated with a second portion of the broken line adjacent to the first section; 

the step forming a histogram of the selected pixels projected onto a first 
axis comprises forming a first histogram of the selected first pixels projected onto a first 
axis and forming a second histogram of the selected second pixels projected onto the first 
axis; and 

15 the step of analyzing the histogram to identify characteristics indicative of 

a line comprises analyzing the first and second histograms over a succession of frames of 
the image to identify a periodic movement of first pixels associated with the line from the 
first desired area to the second desired area. 

20. The process according to claim 1 1 further comprising repeating 
20 the step of rotating the first axis and forming first and second histograms until each of 

the first and second histograms comprises characteristics indicative of a line and until at 
least one of the first and second histograms comprises characteristics indicating that the 
line associated with such histogram is most closely perpendicular to the rotated first axis. 

21. A process of detecting a lane on a road from a vehicle-mounted 
25 camera, the lane being defined by a first line on one side thereof and a second line on the 

other side thereof, the process comprising the steps of: 

acquiring an image of the road from the camera, each of the first and 
second lines comprising a plurality of pixels in the image; 

selecting pixels of the image in a first desired area of the image at a first 
30 desired orientation in the image for selecting pixels associated with the first line, and 
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selecting pixels in a second desired area of the image at a second desired orientation in 
the image for selecting pixels associated with the second line; 

forming a first histogram of the selected first pixels projected onto a first 
axis and forming a second histogram of the selected second pixels projected onto a 
second axis; 

analyzing each of the first and second histograms to identify 
characteristics in each histogram indicative of a line; and 

until the first histogram comprises characteristics indicative of a line, 
rotating the first axis and forming a first histogram of the first pixels projected onto the 
rotated first axis, and until the second histogram comprises characteristics indicative of a 
line, rotating the second axis and forming a second histogram of the second pixels 
projected onto the rotated second axis. 

22. The process according to claim 21 further comprising repeating 
the step of rotating the first axis and forming a first histogram and rotating the second 
axis and forming a second histogram until each of the first and second histograms 
comprises characteristics indicative of a line and until at least one of the first and second 
histograms comprises characteristics indicating that the line associated with such 
histogram is most closely perpendicular to the rotated first axis. 

23. The process according to claim 22 wherein the histogram 
characteristics comprise R =NBPTS/RMAX, and wherein the line is determined to be 
most closely perpendicular to the rotated first axis at the rotated first or second axis at 
which R is a minimum. 

24. A process for detecting a vehicle in an adjacent lane from a 
camera mounted to a subject vehicle, the process comprising the steps of: 

acquiring an image of the adjacent lane; 

selecting pixels of the image having characteristics corresponding to 
characteristics of a vehicle; 

forming a histogram of the selected pixels projected onto a first axis; and 
analyzing the histogram to detect characteristics indicative of a vehicle. 
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25. The process according to claim 24 wherein the adjacent lane is 
defined by first and second side lines each of the first and second side lines comprising a 
plurality of pixels in the image, wherein: 

the step of acquiring an image of the adjacent lane comprises: 
5 i) selecting pixels of the image in a first desired area of the image at a 

first desired orientation in the image for selecting pixels associated with the first line, and 
selecting pixels in a second desired area of the image at a second desired orientation in 
the image for selecting pixels associated with the second line; 

ii) forming a first histogram of the selected first pixels projected onto a 
10 first axis and forming a second histogram of the selected second pixels projected onto a 

second axis; 

iii) analyzing each of the first and second histograms to identify 
characteristics in each histogram indicative of a line; and 

iv) until the first histogram comprises characteristics indicative of a line, 
1 5 rotating the first axis and forming a first histogram of the first pixels projected onto the 

rotated first axis, and until the second histogram comprises characteristics indicative of a 
line, rotating the second axis and forming a second histogram of the second pixels 
projected onto the rotated second axis; and 

the step of selecting pixels of the image having characteristics 
20 corresponding to characteristics of a vehicle comprises selecting such pixels in an area 
bounded by the first and second side lines. 

26. The process according to claim 24 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a vehicle 
comprises selecting pixels selected from the group consisting of luminance, hue, 

25 saturation, DP, velocity and direction. 

27. The process according to claim 24 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a vehicle 
comprises selecting pixels having a color or luminance characteristic of taillights. 
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28. The process according to claim 27 analyzing the histogram to 
detect characteristics indicative of a vehicle comprises analyzing the histogram to 
separately detect each taillight 

29. The process according to claim 24 wherein the step of selecting 
5 pixels of the image having characteristics corresponding to characteristics of a vehicle 

comprises selecting pixels having color or luminance characteristics of headlights. 

30. The process according to claim 24 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a vehicle 
comprises selecting pixels moving in a direction parallel to a direction of the lane. 

10 31 The process according to claim 25 wherein the step of selecting 

pixels of the image having characteristics corresponding to characteristics of a vehicle 
comprises selecting pixels moving in a direction generally parallel to one of the first or 
second side lines. 

32. The process according to claim 24 wherein the step of analyzing 
15 the histogram to detect characteristics indicative of a vehicle comprises detecting a 

histogram having NBPTS exceeding a threshold. 

33. An apparatus for identifying the orientation of a line in an input 
image, the line comprising a plurality of pixels, the apparatus comprising: 

a histogram formation unit for forming a histogram of the pixels projected 
20 onto a first axis; and 

a controller for selectively rotating the first axis, the histogram formation 
unit forming a histogram of the pixels projected onto the rotated first axis, the controller 
analyzing the histogram to determine when the histogram comprises characteristics 
indicating that the line is most closely perpendicular to the rotated first axis. 
25 34. The apparatus according to claim 33 wherein the histogram 

formation unit comprise a Hough transform unit performing a Hough transform on the 
pixels for enabling rotation of the first axis. 

35. The apparatus according to claim 33 wherein the histogram 
formation unit computes R -NBPTS/RMAX, and wherein the controller determines the 
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rotated first axis at which R is a minimum to identify the line most closely perpendicular 
to the rotated first axis. 

36. The apparatus according to claim 33 wherein the first axis is the 
horizontal or vertical axis of the image. 
5 37. An apparatus for detecting a line on a road, which comprises: 

a vehicle-mounted camera acquiring an image of the road, the line 
comprising a plurality of pixels in the image; 

a controller; and 

a histogram formation unit for forming a histogram on pixels having 
10 selected characteristics on a selected axis, 

the controller controlling the histogram formation unit to select pixels of 
the image having characteristics corresponding to characteristics of a line and to form a 
histogram projected onto a first axis, the controller analyzing the histogram to identify 
characteristics indicative of a line, the controller further rotating the first axis and 
1 5 controlling the histogram formation unit to form a histogram projected onto the rotated 
first axis and analyzing the histogram until the histogram comprises characteristics 
indicative of a line. 

38. The apparatus according to claim 37 wherein the selected 
characteristics are selected from the group consisting of luminance, hue, saturation, 

20 direction, DP, CO and velocity. 

39. The apparatus according to claim 37 wherein the histogram . 
formation unit comprises an area selection memory for selecting an area of an image for 
which to form a histogram, the controller controlling the histogram formation unit to 
select pixels in a desired area of the image for detecting the line. 

25 40. The apparatus according to claim 37 wherein the histogram 

formation unit comprises an area selection memory for selecting an area of an image for 
which to form a histogram and an angle selection memory for selecting an orientation 
angle for forming a histogram, the controller controlling the histogram formation unit to 
select pixels in a desired area of the image and to form a histogram at a desired 

30 orientation angle for detecting the line. 
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41. The apparatus according to claim 40 wherein the histogram 
formation unit comprise a Hough transform unit performing a Hough transform on the 
pixels for enabling rotation of the first axis for selecting pixels at the desired orientation 
angle. 

5 42. The apparatus according to claim 37 wherein the controller 

rotates the first axis and the histogram formation unit forms a histogram of the selected 
pixels until the controller determines that the histogram comprises characteristics 
indicating that the line is most closely perpendicular to the rotated first axis. 

43. The apparatus according to claim 42 wherein the histogram 
10 formation unit computes R =NBPTS/RMAX, and wherein the controller determines the 

rotated first axis at which R is a minimum to identify the line most closely perpendicular 
to the rotated first axis. 

44. The apparatus according to claim 37 wherein the line is a double 
line and wherein the histogram formation unit comprises an area selection memory for 

15 selecting an area of an image for which to form a histogram and an angle selection 
memory for selecting an orientation angle for forming a histogram, 

the controller controlling the histogram formation unit for selecting pixels 
of the image having characteristics corresponding to characteristics of a line in a first 
desired area of the image at a first desired orientation in the image for selecting pixels 

20 associated with a first line of the double line and controlling the histogram formation unit 
for selecting pixels in a second desired area of the image at a second desired orientation 
in the image for selecting pixels associated with the second line, 

the histogram formation unit forming a first histogram of the selected first 
pixels projected onto the first axis and forming a second histogram of the selected second 

25 pixels projected onto the first axis, the controller analyzing each of the first and second 
histograms to identify characteristics indicative of a line and rotating the first axis until 
each of the first and second histograms comprises characteristics indicative of a line. 

45. The apparatus according to claim 44 wherein the controller 
rotates the first axis until each of the first and second histograms comprises 

30 characteristics indicative of a line and until at least one of the first and second histograms 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 001 1609A1_I_> 



WO 00/11609 



PCT/EP99/00425 



53 

comprises characteristics indicating that the line associated with such histogram is most 
closely perpendicular to the rotated first axis. 

46. The apparatus according to claim 44 wherein the double lines are 
parallel to the other and each line is selected from the group consisting of solid and 

5 broken lines. 

47. The apparatus according to claim 37 wherein the line is a parallel 
double line and wherein the controller analyzes the histogram to identify two peaks 
characteristic of a parallel double line. 

48. The apparatus according to claim 37 wherein the line is solid or 

10 broken. 

49. The apparatus according to claim 37 wherein the line is a broken 
line and wherein the controller time averages the histogram over a succession of frames 
of the image to identify characteristics indicative of a broken line. 

50. The apparatus according to claim 37 wherein the line is a broken 
1 5 line and wherein the controller time analyzes the histogram over a succession of frames 

of the image to identify a periodic fluctuation in peaks of the histogram indicative of a 
broken line. 

51. The apparatus according to claim 37 wherein the line is a broken 
line and wherein the controller controls the histogram formation unit to form a first 

20 histogram of first pixels in a first desired area of the image associated with a first portion 
of the broken line, and to form a second histogram of second pixels in a second desired 
area of the image associated with a second portion of the broken line adjacent to the first 
section, each of the first and second histograms being projected onto the first axis, the 
controller analyzing the first and second histograms over a succession of frames of the 

25 image to identify a periodic movement of first pixels associated with the tine from the 
first desired area to the second desired area. 

52. The apparatus according to claim 44 wherein the controller 
rotates the first axis for forming first and second histogram until each of the first and 
second histograms comprises characteristics indicative of a line and until at least one of 
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section, each of the first and second histograms being projected onto the first axis, the 
controller analyzing the first and second histograms over a succession of frames of the 
image to identify a periodic movement of first pixels associated with the line from the 
first desired area to the second desired area. 
5 52. The apparatus according to claim 44 wherein the controller 

rotates the first axis for forming first and second histogram until each of the first and 
second histograms comprises characteristics indicative of a line and until at least one of 
the first and second histograms comprises characteristics indicating that the line 
associated with such histogram is most closely perpendicular to the rotated first axis. 
1° 53. An apparatus for detecting a lane on a road, the lane being defined 

by a first line on one side thereof and a second line on the other side thereof, the 
apparatus comprising: 

a vehicle-mounted camera for acquiring an image of the road, each of the 
first and second lines comprising a plurality of pixels in the image; 
1 5 a controller; and 

a histogram formation unit for selecting pixels in an image having 
particular characteristics and for forming a histogram of the selected pixels, 

the controller controlling the histogram formation unit for selecting pixels 
of the image in a first desired area of the image and for forming a histogram of the 
20 selected pixels in the first desired area projected onto a first axis for forming a first 
histogram of pixels associated with the first line, and further controlling the histogram 
formation unit for selecting pixels in a second desired area of the image and for forming a 
second histogram of the selected pixels in the second desired area projected onto a 
second axis for forming a histogram of pixels associated with the second line, 
25 the controller analyzing each of the first and second histograms to identify 

characteristics in each histogram indicative of a line, and 

the controller rotating the first axis until the first histogram comprises 
characteristics indicative of a line, and rotating the second axis until the second 
histogram comprises characteristics indicative of a line. 
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54. The apparatus according to claim 53 wherein the controller 
rotates the first axis and the second axis until each of the first and second histograms 
comprises characteristics indicative of a line and until at least one of the first and second 
histograms comprises characteristics indicating that the line associated with such 

5 histogram is most closely perpendicular to the rotated first axis. 

55. The apparatus according to claim 53 wherein the histogram 
formation unit computes R =NBPTS/RMAX for each of the first and second histograms, 
and wherein the controller determines the rotated first axis at which R is a minimum to 
determine when the first line is most closely perpendicular to the rotated first axis, and 

10 wherein the controller determines the rotated second axis at which R is a minimum to 
determine when the second line is most closely perpendicular to the rotated second axis. 

56. An apparatus for detecting a vehicle in an adjacent lane from a 
subject vehicle, the apparatus comprising: 

a camera mounted to the subject vehicle for acquiring an image of the 

15 adjacent lane; 

a histogram formation unit for selecting pixels of the image and for 
forming a histogram of such images; and 

a controller for controlling the histogram formation unit to select pixels 
having characteristics corresponding to characteristics of a vehicle and for analyzing the 
20 histogram of such pixels to detect characteristics indicative of a vehicle. 

57. The apparatus according to claim 56 wherein the adjacent lane is 
defined by first and second side lines, each of the first and second side lines comprising a 
plurality of pixels in the image, and wherein: 

the controller controls the histogram formation unit for i) selecting pixels 
25 of the image in a first desired area of the image at a first desired orientation in the image 
for selecting pixels associated with the first side line, and selecting pixels in a second 
desired area of the image at a second desired orientation in the image for selecting pixels 
associated with the second side line, and ii) forming a first histogram of the selected first 
pixels projected onto a first axis and forming a second histogram of the selected second 
30 pixels projected onto a second axis; 



BNSDOCID: <WO 001 1609A1 Jj> 



SUBSTITUTE SHEET (RULE 26) 



WO 00/11609 



PCT/EP99/00425 



56 

the controller analyzes each of the first and second histograms to identify 
characteristics in each histogram indicative of a line; 

until the first histogram comprises characteristics indicative of a line, the 
controller rotates the first axis and controls the histogram formation unit to form a first 
5 histogram of the first pixels projected onto the rotated first axis, and until the second 
histogram comprises characteristics indicative of a line, the controller rotates the second 
axis and causes the histogram formation unit to form a second histogram of the second 
pixels projected onto the rotated second axis; and 

the controller controlling the histogram formation unit to select pixels of 
1 0 the image having characteristics corresponding to characteristics of a vehicle comprises 
in an area bounded by the first and second side lines. 

58. The apparatus according to claim 56 wherein the pixel 
characteristics corresponding to characteristics of a vehicle are selected from the group 
consisting of luminance, hue, saturation, DP, velocity and direction. 
15 59. The apparatus according to claim 56 wherein the controller 

controls the histogram formation unit to select pixels having a color or luminance 
characteristic of taillights. 

60. The apparatus according to claim 59 wherein the controller 
analyzes the histogram to separately detect each taillight. 
20 61. The apparatus according to claim 56 wherein the controller 

controls the histogram formation unit to select pixels having color or luminance 
characteristics of headlights. 

62. The apparatus according to claim 56 wherein the controller 
controls the histogram formation unit to select pixels moving in a direction parallel to a 

25 direction of the lane. 

63. The process according to claim 57 wherein the controller controls 
the histogram formation unit to select pixels moving in a direction generally parallel to 
one of the first or second side lines. 

64. The process according to claim 56 wherein the controller detects a 
30 histogram having NBPTS exceeding a threshold in order to identify a vehicle. 
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65. An apparatus for identifying an object in an input signal, the object 
comprising pixels in one of a plurality of classes in one of a plurality of domains, the 
input signal comprising a succession of frames, each frame comprising a succession of 
pixels, the apparatus comprising: 

5 a classifier for each domain, the classifier classifying pixels within 

each domain in selected classes within the domain; 

a linear combination unit for each domain, the linear combination unit 
generating a validation signal for the domain, the validation signal selecting one or more 
of the plurality of domains for processing; 
10 a rotation unit for enabling selection of a histogram formation axis; 

a histogram formation unit for forming a histogram for pixels of the 
output signal within the classes selected by the classifier within each domain selected 
by the validation signal projected onto the histogram formation axis; and 

a controller for controlling the classifier, linear combination unit, rotation 
15 unit, and histogram formation unit for identifying the object. 

66. The apparatus according to claim 65 wherein the rotation unit 
performs a Hough transform. 

67. The apparatus according to claim 65 wherein the rotation unit 
enables selection of a first histogram formation axis and a second histogram formation 

20 axis, and wherein the histogram formation unit is capable of forming a first histogram 
projected onto the first histogram formation axis, and of forming a second histogram 
projected onto the second histogram formation axis. 

68. The apparatus according to claim 65 wherein the object is in an 
area of the image, and further comprising an area selection unit for selecting an area of 

25 the image, the histogram formation unit forming a histogram for pixels of the output 
signal within the selected area of the image, and the controller controlling the area 
selection unit for enabling selection of objects in a desired area of an image. 

69. An apparatus for identifying an object in an input signal, the object 
comprising pixels in an area of the image in one of a plurality of classes in one of a 
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plurality of domains, the input signal comprising a succession of frames, each frame 
comprising a succession of pixels, the apparatus comprising: 

a classifier for each domain, the classifier classifying pixels within 
each domain in selected classes within the domain; 
5 a linear combination unit for each domain, the linear combination unit 

generating a validation signal for the domain, the validation signal selecting one or more 
of the plurality of domains for processing; 

an area selection unit for selecting an area of the image; 

a histogram formation unit for forming a histogram for pixels of the 
10 output signal within the selected area of the image within the classes selected by the 
classifier within each domain selected by the validation signal projected onto the 
histogram formation axis; and 

a controller for controlling the classifier, linear combination unit, area 
selection unit, and histogram formation unit for identifying the object. 
1 5 70. The apparatus according to claim 69 further comprising a rotation 

unit for enabling selection of a histogram formation axis, the histogram formation unit 
forming a histogram for pixels of the output signal projected onto the histogram 
formation axis. 

71 . An apparatus for identifying an object in an input signal, the object 
20 comprising pixels in an area of the image in one of a plurality of classes in one of a 
plurality of domains, the input signal comprising a succession of frames, each frame 
comprising a succession of pixels, the apparatus comprising: 

a classifier for each domain, the classifier classifying pixels within 
each domain in selected classes within the domain; 
25 a linear combination unit for each domain, the linear combination unit 

generating a validation signal for the domain, the validation signal selecting one or more 
of the plurality of domains for processing; 

a masking unit for masking an area of the image to prevent consideration 
of the pixels in the masked area; 
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a histogram formation unit for forming a histogram for pixels of the 
output signal outside the masked area but within the classes selected by the classifier and 
within each domain selected by the validation signal projected onto the histogram 
formation axis; and 

S a controller for controlling the classifier, linear combination unit, masking 

unit, and histogram formation unit for identifying the object. 

72. An interface between an image processing system and a controller, 
the interface comprising: 

input signals from the controller to the image processing system including 
10 control signals selected from the group consisting of: 

i) signals for selecting domains for processing by the image processing 

system, 

ii) signals for selecting classes of pixels within each domain for processing 
by the image processing system, 

15 iii) signals for selecting axes for formation of histograms projected on the 

selected axes, and 

iv) signals for selecting an area of an image for processing by the image 
processing system; and 

output signals from the image processing system to the controller 
20 including signals resultant from processing the input signals selected from the group 
consisting of: 

i) signals containing information on histograms formed in the image 
processing system, and 

ii) signals containing histograms formed in the image processing system. 
25 73. The interface according to claim 72 wherein the domains are 

selected from the group consisting of luminance, hue, saturation, CO, DP, direction, and 
velocity. 

74. The interface according to claim 72 wherein the signals containing 
information on histograms formed in the image processing system are selected from the 
30 group consisting of MIN, MAX, NBPTS, RMAX, POSRMAX. 
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75. An apparatus according to claim 53, wherein the apparatus is built 
in a single chip (MOS). 

76. An interface according to claim 72, wherein the physical link is a 
standard automotive bus. 

5 77. A process according to claim 1, wherein it is possible to 

dynamically adapt in function of results at least one or more of the following parameters: 
classification, areas, histograms. 

78. Use of an interface according to claim 72 with a physical link 
according to claim 76 and according to claim 77. 
10 79, A process for identifying the orientation of a line in an input 

image, the line comprising a plurality of pixels, the process comprising the steps of: 

forming histograms of the pixels projected onto multiple axes; 

process until the histograms comprise characteristics indicating that the 
line is most closely perpendicular to one of the multiple axes. 
15 80. The process according to claim 79, wherein the histograms 

characteristics comprise R = NBPTS/RMAX, and wherein the line is determined to be 
most closely perpendicular to one of the multiple axes at which R is a minimum. 

81. The process according to claim 79, wherein one of the multiple 
axes is the horizontal or vertical axis of the image. 
20 82. The process according to claim 79, wherein processing is done 

using parallel computation. 

83. A process of detecting a line on a road from a vehicle-mounted 
camera, the process comprising the steps of: 

acquiring an image of the road, the image comprising a plurality of pixels 
25 corresponding to the line; 

selecting pixels of the image having characteristics corresponding to 
characteristics of the line; 

forming histograms of the selected pixels projected onto multiple axes; 

analysing the histograms to identify characteristics indicative of a line; 
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process until one of the histograms comprises characteristics indicative of 

a line. 

84. The process according to claim 83 wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a line 

5 comprises selecting pixels selected from the group consisting of luminance, hue, 
saturation, direction, DP, CO and velocity. 

85. The process according to claim 83, wherein the step of selecting 
pixels of the image having characteristics corresponding to characteristics of a line 
comprises selecting pixels in a desired area of the image. 

10 86. The process according to claim 83, wherein the step of selecting 

pixels of the image having characteristics corresponding to characteristics of a line 
comprises selecting pixels in a desired area of the image at a desired orientation in the 
image. 

87. The process according to claim 83, further comprising repeating 
15 the step of rotating the multiple axes and forming histograms of the selected pixels until 

one of the histograms comprises characteristics indicting that the line is most closely 
perpendicular to one of the multiple axes. 

88. The process according to claim 87, wherein the histogram 
characteristics comprise R = NPBTS/RMAX, and wherein the line is determined to be 

20 most closely perpendicular to one of the multiple axes at one of the multiple axes at 
which R is a minimum. 

89. The process according to claim 87, wherein one of the multiple 
axes is the horizontal or vertical axes of the image. 

90. Process according to claim 87, wherein processing is done using 
25 parallel computation. 

91. A process according to claim 79, comprising the step of 
dynamically adapting in function of the results at least one of the following parameters: 
classification, areas, histograms. 
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